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H 1TOAN TNG ®@ecoalovikng €xel avaykn amo évav opya-
VOUEVO OXESIAOUO OAWYV TWV EUTTAEKOUEVWV (POPEWY,
LTTO TNV ETTOTITEIA TNG TTOAITEIQG, TTOL Ba 0SNYOLV O€ TTPO-
OEIOUIKEG BEATIQOOTEIC O€ KAipIa onuEia TOL TTOAEOSOUIKOV
OLYKQOTAUATOG.

Kal TapaAAnAa o€ TpwTOPROLAIEG TTOAITIKAG TTPOCTACIAG,
KABWG OTO evEeEXOUEVO EVOG iSI0L UeEYEOOLS TEICUOUL, N
HEYAADTELOL ATTO ALTOV TOL 1978, oI eMMTWOoEIS Kal o1 {N-
uieg Ba eival TTOAD peyaALTePEGS, e€QITIAC TNG AAAAYNAG TTOL
LTTECTN O TTOAEOSOPIKOG I0TOG (KTIPIAKA, TTANBLOUIAKA,
OLYKOIVRVIAKA, OTNY avamTuén veéwy SIKTOWY K.d.), TOCO
o€ £EKTAoN, OCO KAl O€ ynpavon.

(ouvéxela otnv ceAida 3)



MEPIEXOMENA

40 xpovia and Tov PHEYAAo OEIOHO TNG Osooalovikng

Apigépwua oTa Opaypara
- TMoTapog Tng kabapng evepyelag - Ta &1 ppdypara

Tou AAIGKPova dnuioupyouv povadikr cuaToixia AIUvov

oTnV nepioxn
MeAETN kal Kataokeur) ®paypdtwyv
- Design and Construction Innovations

- Comparing Faced Symmetrical Hardfill and Concrete-
Faced Rockfill Dams

®dpaypara and ZkAnpd EnixopaTa kar KuAivdpoUpevo

SKUpOdEua

- RCC arch dams: temperature control and design of
joints

Evioxuon ®paypatwv

- Crews bracing Echo Dam for quakes

AcToxiec dpaypatwv

- National Geographic Documentary 2016 - Top 15
Worst Dam Disasters Ever

- Vajont Dam: Seconds from Disaster - Mountain
Tsunami

- Seconds from Disaster: Flood at Stava Dam
(Tailings Dam)

- RCEM - Reclamation Consequence Estimating
Methodology - Dam Failure and Flood Event -
Case History Compilation

- Dams Failure in Europe

Alakpioeig EAANAVwV Mewpnxavikmv
- BpaBeuon Tou Avtwvn ZepPol HE TO
2017 BGA Medal
MavenioTnuiakeg O£0eIg kal METANTUXIAKES SMOUDEG

- Eukaipia d1dakTopikwv diaTpiBwv oTo University of
Oxford

- Assistant or Associate Professor in Rock Mechanics
Technical University of Denmark

Mpoogopd Epyaciag

- Move to New Zealand. Why wouldn't you?

Néa ano Tig EAANVikeEG kal AlgBveig MewTeXVIKEG Evwoelg

- ISRM: New videos of ISRM Suggested Methods on
the ISRM website

Mpooexeic MNewTexVIKEG EKONAMOEIG:

- International Symposium on Seismic Performance
and Design of Slopes

- Hydropower Development 2018

- 1%t International Conference TMM_CH Transdisci-

plinary Multispectral Modelling and Cooperation for
the Preservation of Cultural Heritage

- ISRBT2018 International Seminar on Roads, Bridges
and Tunnels Challenges and Innovation

- AUSROCK 2018 - The Fourth Australasian Ground
Control in Mining Conference

- 13th Australia New Zealand Conference on
Geomechanics 2019

- Water Storage and Hydropower Development for
Africa

- 2nd International Intelligent Construction
Technologies Group Conference “Innovate
for Growth, Collaborate for Win-Win"”

- 3rd International Conference “Challenges in
Geotechnical Engineering” CGE-2019
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(ouvéxela anod TNV NpwTN ogAida)

Mg agopyr Tov GEICHO Tou 1978

Tnv enionuavon €kavav €nioTAPOVEG KAl PNXAvikoi anod To
ANO, To ITZAK kai To TEE, oc pia eneTeiakn ekdNAwon yia Tnv
oupnAfnpwaon 40 xpdvwv (20-6-1978) ano Tov PHeydAo ogiouo
Tng ©gooalovikng, kai n onoia QIA0EEVABNKE OTO KTipIo TOU
TEE, oo nAaioio Tou 160u MaveupwnaikoU Suvedpiou ZeIouI-
KNG Mnxavikng nou @IAo&eveital yia npwTtn opd otnv O€o-
galovikn, ME TN CUNKETOXN Navw ano 1.500 cuvedpoug (diop-
yavoveTal ano 1o EAANVIKG TufRpa AVTIOEIOUIKNAG MNXAvIKNG —
ETAM - Tng Eupwnaikng Evwong SeIopIKAG MnNXavikAg, o ou-
vepyaaia pe To TuRua MoAImikwv Mnxavik@v Tou AMO).

S€IoJOAOYOI KAl pnxavikoi napouciacav B€pata OXeTIKA WE
TOV O€IONO Tou 1978 kal Tnv Npoodo nou £xel enEABel ano
TOTE O OTI APOPA TNV €VioXUon TNG AVTICEIOUIKAG NpoaTaciag
NG NOANG, TWV UNOJOUM®V KAl TNG KOIVWVIAg, aAAd kai o€ eni-
oTNUOVIKO Kal EpeuvnTIKO £ninedo.

O kabnynTng Mewpnxavikng Tou AMNO kal npoedpog Tng Opya-
VWTIKAG EmTponnig Tou Suvedpiou, Kupialng MITIAGkNG, Tovios
OTI NPENEI va NEPIYEVOULE Kal va OXeSIACOUE Yia Evav OEITHO
nou Ba sival yeyaAuTepog and autov Tou 1978, kal npocbeoe
OTI TO {ATNHA TNG MOAITIKNAG NPOoTAciag Tou NOAE0dOUIKOU
OUYKPOTAHATOG TNG O@s0oaAovikng avhkel aTnv noAiteia, n o-
noia eivai Adn evrpepn yia TIG HEAETEG NOU €XOUV YiVEl KAl a-
@opouV Yia To €ido¢ Kal To HEYEBOG TwV {NUILV, Ta NPoBAnua-
Ta nou Ba npokUWouv aTnv udpodoTnan, OTIG CUYKOIVWVIEG,
oTo AIpavi, aAAd kai os avlpwniveg (weG.

«Z€ OTI APopa TIG UNOJOHEG KAl TOV JOMIKO 10TO TNG NOANG €-
XOUV Yivel dI1ApopeC HEAETEG, Ol OMOIEG €XOUV (PTACEl O Wia
oeipa and anoTeAéopaTa, nou divovTal o€ eninedo XapTwV yid
To nou Ba yivouv {npigg, ndoeg Ba eival - nooa Ba €ival Ta Ki-
TpIva 0€ N0COCTO, NOCA TA KOKKIVA — avd NePIOXEG, nou Oa &-
XOUME npoBAnuarta ornv Udpeuon, nou Ba ondoouv aywyoi,
noleg YEQUPEG Ba €xouv npoBARMATa PIKPA N WeyaAa, Ti Ba
yivel oTo AIpavi Kok. AuTa €xouv kaTtaTeBei, onwadnnoTe U-
napxouv KAanoleg aBeBaldoTnNTeG yiaTi N KAOs PeAETN yiveTal Pe
Kanoleg unoBéoelg. O PeANOVTIKOG OEIONOG TNG O@eooalovikng
Ba eival peyaAuTepog anod To 1978, r TouAdxioTov npénel va
NEPIMEVOULE Kal va oXedIAooUE yia €vav Ogiouo nou Ba ival
MEYaAUTEPOG. Agv ATav TOOO PEYAAOG O OEIONOC €KEiVOC anod
anoyn kabapd OEICHOAOYIKWV XAPAKTNPIOTIKWV. ENopévwg
ME TIC MEAETEG MOU uNApxouv Kal ornpilovTal akpiBwg o< Wia
nio KaAn yvwaon yia To TI NeEpIPEVoUlE, Ba éxoupe {nMIES. E@-
ooov €ival yvwaoTEG ol InuIEC Nepinou, Pe 6nolo Baduo aBepal-
0TNTAg, n NOAITEIa AuTO Nou NPENEI va KAvel gival va napel Tig
MEAETEC AUTEC Kal va del NWE MNopei va BEATIWOEI NPOCEITHIKA
TOOO TIG UNOJONEG 600 Kal kanola Kpioipa KTipia, onwg oxo-
Aeia» €ing xapakTnpIoTIKA.

TNV napouaciacn Tou, avepepe OTI Je Bacon eva nibavo oeva-
pI0 gVOC HeyaAUTepou oeiopoU (AapBavovtag unown OTI o
OTATIOTIKOG apIBUOG TNG HEONG NEPIODOU ENavapopag Hiag osl-
OWIKNG KATaoTPo®ng €ival Ta 475 Xpovia) n CEICHIKR dia-
KIVOUVEUON TOU KTIpIAKOU 10TOU — ONWG €ival onpeEpa —
unoAoyideTal kal katavéUeTal oto 66% O€ KiTpiva, oTO
4% 0Og KOKKIVad, kal oto 30% og npdaociva. Tautoxpova,
B8a unap&ouv npoBAfRuara os unootaduolcg TG AEH, aoToxisg
o€ aywyoug kal degapeveg oTo dikTUO USpEUONG, MEPIKNA N
NAAPNG aoToXia o KAMoleg uNodoPEG Tou Alaviou, npoPAn-
HaTa npooBacigoTnTag 0TAd VOOOKOMEId, eV TO KOOTOG TWV
{NUIOV ekTIpaTal 611 Ba @eTavel Ta 20 dioekaToupupia.

O k.MTIAGKNG, dNAwae, OTI To priyda Tou AvBsuouvTta (KovTa
otnv Mepaia) Ba npénel va pag @oRilel nepiocgdTePO and auTd
Tou 1978 (pnypa BOABNG), agou BpiokeTal nio Kovta oTnv
©ecoalovikn, ev® eKTIUNOE OTI TO EVOEXOMEVO HEYAAUTEPOU
oelopoU pnopei va npokahéael kabiZnoeig €wg kai 30 ekaTooTd
oTo AIdvi kal oTnv neploxn Tou Kaloxwpiou.

0O kabnynTtnG FremPpuoikng Tou AMNO, KwoTtag Nanadaxog,
TOVIOE OTI YVWPIZOUNE TNV CEICHIKOTNTA GTNV NEPIOXN, TI KIV-
dUVoUG dNUIoUpPYEl, TI ENINTWOEIC Ba €X€l OTNV NOAN, TI CEICHI-

KEC KIVNOEIC NPENEl YivOuv Kal Nw¢ NPENEl va XTIOOUKME TNV
noAn, woTd00, UCTEPOUHE ONHAVTIKA OTNV NPOENEVSUCH
yid Th HEIOON TOV ENINTOCEWV EVOG GEICHOU.

«To PeyaAUTepo npoBANUa gival 0TI 0 UPIOTAPEVOG I0TOG TNG
noANG, KUPiwG aTo KEVTPO, YEPVAEI CUVEXMG. AV TO ‘78 Aoinov
nTav o 10To¢ 30 €TV, yia Tnv €nopevn 20eTia — 30gTia, nou
npénel va oxediacoupe, Ba eival €vag 10Tdg 80 eTwv. H yn-
pavaon auTn MEIMVEI CUVEXMG TA MOIOTIKA XAPaKTNPIOTIKA TWV
KTIpiwV. AUTA NoTE dev KATaokeudoTnkav yia va {foouv 200
Xpovia. Asv unnpxav ol npodiaypaPes. Av dsv NEPACTOUNE OF
pia Aoyikn evioxuong kai oTadiakng anokaTaoTaong ToU MOAE-
0douIkoU 10ToU o€ BABOC NOAAMV JEKAETIWV Eival Giyoupo OTI
auTn n ynpavon dev 6a odnynaoel o KaAr cupnepipopd, oTav
Kal ONoTe YiVEl 0 ENOUEVOG OEIOUOC. Emiong, n noAn exel Alyo-
TEPOUC XWPOUG YIA va NAEl 0 KOOWOG, €ival NEPIGOOTEPO KTI-
OMEVN Kal eniBapupévn, apa n diaxeipion Tou nAnBuopoU sival
noAU nio dUokKoAN» €ine.

Eniong, ava@£pOnke Kal oTa pryHATd — YVOOTA KAl EV-
€pya - nou BpiokovTal KOvTa oTnv noAn kai dev ano-
KAEieETAl va d®OOUV VEOUG HEYAAOUG CEICHOUG.

«ZEPOUNE OTI €XOUV Yivel JEYAAUTEPOI OEICHOI OTNV MEPIOXN
MEXPI Kal 7 BaBuwv (OpakouakedOVeG) Kal OTI UNAPXOUV pry-
paTa nAnoIECTEPA OTNV NOAN, NoOu Pnaivouv oxedov Péoa o€
auTnv, 6Nwg To priypa Tou AvBepouvTa (Mou nepva Peéoa anod
Tov Oegpuaikd kal Byaivel anévavTi oTnv Bepyiva, oénou evw-
VETAl YE TO pAyHa Tou AAiakpova). Eival éva peydAo pryua
nou MIBavwg oUVOEETAl E TOV OEIONO Tou 1759, aAAa TOTE
dev unnpxav kataypagpec. Eva TETolo priypa — nou gival noAu
nio KovTa oTnv noAn — Unopei oageoTata va odnynoel o€ O€l-
opouc, OXI MeEYAAng diapkelag, aAAd uwnAdTepwv enmiraxlv-
oewv. Aev Ba npenel va vopifoupe OTI 0 O€IoPOG Tou ‘78 gival
To Tapavi og O6TI APOPA TNV GEICHIKN €MIKIVOUVOTNTA Yia auTn
TNV NOAN» TOVIOE.

O NOAITIKOG WNXAVvIKOG Kal OpOTINOG Kalnyntng Tou AMO,
MNwpyog MNevéAng, BUNICE aTnV apxn TnG ekdNAwaong OTI 0 OEl-
OHOG Tou 1978 fTav peyeboug 6,5 Babpwv kai onueiwdnke 20
XINIOMETPA avaToAikd Tng ©sooalovikng (BOABN) oe goTiakd
Babog 8 xAM, evw kaTaypapnke and Tov EMITAXUVOIOYPAPO
nou BpiokoTav oto Eevodoxeio City — évav anod Toug TECOEPIC
nou J1€0eTe TOTE N XWpPa. Tnv enoxn ekeivn n ndAn ixe 66.000
KTipla, €K Twv onoiwv To 65% KATAOKEUAOHEVA ano OonAi-
OHEVO OKUPODENA. META TOV O€IONO — Nou €iXe 49 vekpoug Kai
220 TpaupaTieg — To 4,5% TwV KTIPIWV XapakTnpioTnkav Kok-
Kiva kai 7o 21% kitpiva.

(ANE, 21 Touviou 2018)
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ADPIEPQMA 2TA
OPAIMATA

MoTapog TG KaBapng EVEPYEIAG
Ta €& ppayuara Tou AAIGkHova dngioupyouUv Hova-
31k ouoToIlXia AIHVOV OTnV NEPIOXN

>Ta oxoAika BiBAia o noTapdg AAIGkpovag eival o eyaAUTeEPOG
g€ PAKOG MNoTapog TnG EAAGdag. ‘Exel Tig nnyég Tou aTOV
Fpaupo Kal TIG EKBOAEC Tou oTov Oegpuaikd KoAmo, diaocyilo-
VTAg NEVTE VOPOUG. TNV avabewpnor ToOUG Ta OXOAIKA EYXEl-
pidia Ba npénel TWPA va TOV avaPEPOUV WG TOV MOTAHUO TNG
kabapng evépyeiag.

T T T Y —

2TI¢ 13 IouAiou, n AEH npoxwpnoe oTnv €Uepagn Tng onpay-
Yag eKTPOMAG TOoU PpAypaTog Tou udponAekTpikol 'Epyou I-
Aapiwva kai &ekivnoe €ral n dnuioupyia €vog véou udpoTa-
MIEUTAPa nou Ba npoo@Epel Udpeuan, Apdeuan, TOUPIOTIKA a-
vanTuén, avTinAnUUUpPIKR avaoyeon oToug vopoug Kolavng
kal FpeBevav kKal QuaOIKka kabapr NAEKTPIKA svépyeia, aua-
voVTag Ki dAAO TO NMOCOOTO TwV NOAUTIHWYV KABApwV nnywv
evEépyelag oTo €BVIKO evepyelakd XapTopuAdkio. O AAIGKuo-
vag kaAunTel nAéov 10 2%-2,5% 0TO OUVOAIKO 8-10% TNngG
KaBapng eveépyeiag nou Napayel N Xwpa Kupiwg and Toug u-
OpONAEKTPIKOUG OTABHOUC TOU HNEYAAUTEPOU OE PNKOG EAANVI-
KoU noTapoU, Tou AXEA®OU KI GAAWV MHIKPOTEPWV MOTAHMV
NG NNeIpwTIKNG EAAGdAG. Ta @pdypaTda Tou nou €Xouv KaTa-
okeuaoTei Ta TeAsuTaia 35 xpovia dnuioupyouyv pia Jovadikn
ouoToixia Aipvov nou Eekiva and Tig Aipveg Tou Makpoxwpiou
kal Tn¢ Ayiag BapBapag Huabiag kal ouvexileral aTic Aipveg
TOV ACWHATWY, TNG ZPNKIAG, Tou MoAu@UTOU KAl TWPA AUTHG
Tou IAapiwva. 'Towg aTo HEAAOV KI GV N OIKOVOMIKF KaTaoTaon
TNG XWPAg To emiITpEWel kai n AEH To kaTopBwaoel, va npooTe-
Bei kal n TexvnTA Aigvn EAagiod...

AOYW TOU YEWAVAYAUPOU TNG NEPIOXNG 1 AOYw Kanolag pop-
@OAOYIKNG OUYKUPIag Kal Tou axediagpoU Tng AEH, n kabe pia
ano auTeg TIG TEXVNTEG AivVeG «BAENel» TNV AAAN, e Kupiapxn
TN Aipgvn Tou MoAuQUTOU, £KTACONG 74 T. XAM. TN MeyaAUTepn
Kal UNTPIKNA AOyw KATAOKEUNG TOU ppAyHaTog TnG Tn dekasTia
Tou '70. AAWOTE, TO VEO AIBOPPINTO Ppayua Uyoug 130 pe-
TPWV Tou YOponAekTpikoU ZTabuou IAapiwva ouvoAikou oO-
YKOU 9 €KaT. K.[. nou 8a dnUIoupynoel Tov TAPIEUTAPA XWPN-
TIKOTNTAG 520 €KkaT. T. XAM. Oev anéxel napd 2-3 xAW. and Tn
NA 6x8n Tng Aipvng NMoAu@UTou, oTn Yépupa Tou Pupviou Ko-
¢avng. O €&onAiopdg Tou YHZ IAapiwva nepiAapBavel Tov KU-
plo oTaduo nou anoTteAsital anod dUo udpoaTPoRiAoUG GUVOAI-
KNG 10xU0G 155,2 MW ki €va pikpd udponAekTpikd €pyo yia
TNV €€a0PAAion TNG oIKOAOYIKNG napoxXng Ioxuog 4,2 MW.

H 1ox0¢ Tou véou YHZ IAapiwva Kolavng, cUupwva PE OTOI-
X€ia nou 81€6eoe oTnVv «K» 0 Topedpyng Asiroupyiag kar Aia-
xeipiong YdaTivwv Nopwv Tng AEH k. Navayiwtng Neoegidng,

Ba npoaTebei 0€ AUTHV NOU NAPEXOUV OTO EVEPYEIAKO GUCTNHA
TNG XWPag ol YHZ MoAuguTou Kolavng pue 420 GWH Tov xpdvo
(3 povadesg Twv 125 MW), Tng =enkiag Huabiag (3 povadeg
Twv 105 MW), Tov Acwpdtwv Huabiag (2 povadeg Twv 55
MW), Tng Ayiag BapBapag 940 KW kai Tou Makpuxwpiou H-
Madiag (3 povadsg Twv 3,5 MW). O oTabuog IAapiwva npo-
BA&neTal 0TI Ba napayel eTnoiwg 330 GWH kabapng evépyeiag
oupBaAlovTag otnv avantugn Tng AEH kai Tng €0vikng oiko-
vopiag, oTn diatrpnon Tng noidTnTag Tou nepiBAAAovTog Kai
TNG aoPaAsiag evepyeiakoU podiacpou. MNavtwg, n AsiToup-
via Twv YHZ Tou AAidkpova dev kaBopileTal and TIig evepyeia-
KEG aVAYKEG TNG XWPag, aAAd ano TI¢ avaykeg Udpeuong, ap-
deuong - avTINANPUUPIKNG avaoyeong. H napaywyn nAekTpi-
KAG EVEPYEIAC €ival TPITN KATA OLIPA OTIC NAPOXEG TWV PpPay-
paTwv, aAAd eivar avap@ifoAa NOAUTIHOG KPIKOG OTNV NAE-
KTpod6TNON, AOyw Tng TaxUTaTnG EVOWNATWONG TOUG OTO &-
vepyelakd ouoTnHa TG XWpedag.

ToupIioTIKOi NPOOPICHOI

H ©egooalovikn xpnaoiponolei To 70% Twv avaykwv USPEUCNG
TNG and Tov AAIGkuova. Ta nepicooTEPA PPAYUATA TOU AEl-
TOUpYNOAv €UEPYETIKA OTO nepIBAAlov Twv vopwv Huabiag
kal Kolavng. Opiopéva anod auTtd BswpouvTtal «Epya avlpw-
NV Nou GUUNANPWVOUV TO £pyo TG puUoNG». H Ayia BapBapa
£Ew anod Tn BEpola kaBioTaTal TOUPIOTIKOG NPOOPITHOG, EVM N
Aipvn MoAuguTou Kolavng avadeikvUETAl € OIKOAOYIKO na-
padelco-kaTa@UyIo MOUAI®MV NOU NPOCREPETAl YIA TOUPIGHO.

Mia véa Aipvn yevviéTal oto ppayHa IAapiova

H Aipvn IAapiwva (naipvel To 6vouad TnG anod To JovaaTrpl Tou
IAapiwvog Tng Aiavng KoZavng, dinAa oTo onoio KaTaoKeud-
oTNKE To PPAaypa) gival N ve®TePN Aigvn Tng Xwpag. Méxpl Ta
TEAN TOU XpOvou Ba €xel oAOKANPwWOEI 0 oXNUATIOUOG TNG.

H nepiodog auTn, onwg avépepav ol udpoyewAdyol TnG AEH,
€ival kai n nio Kpioiun yia Tov oxnUaTiopd piag Aigvng kai yi'
auTov Tov AOyo nponyoUvTal EKTETAMEVEC YEWAOYIKEG Kal U-
OpOoYeWAOYIKEG HEAETEG OTO €5apOG Nou Ba KaAUyel.

KouBiko onueio gival o pubuodg nou yepilel kai cUPPVA WE TN
AEH n éu@pa&n Tou ppayuaTog, evw n avantuén Tng Eeio-
o€Tal CUPQWVA KE ToV oXedlaouo.

ZUVOAIKA N eNIPAveIa TWV VEp®V TNG Ba kaAunTel ektaon 21
TETPAYWVIKWV XIAIOPETPWYV 0Ta Opla Twv vouwv Kolavng kal
IpeBevav, aAAd gival n TexvnTi Aipdvn yia Tnv onoia &yivav ol
AIYOTEPEG anaAAoTPIWOEIG, KaBWG 0 AANIGKuovag @' auTthyv TNV
nepioxn, dnAadn anoé Tn Movn IAapiwvog pexpr TN Movn Tou
Ociou Nikavopog MpeBevwv (ZaBopda), oTo diapa Twv al®-
VWV, EXEl oxnuarioel BabIEG kal AanoKPnUVeG Xxapadpeg nou
Twpa 6a Npoo@épouv peyaio BaBog vepwv.

Eival n €ktn Aipgvn nou dnuioupyeiTal KaTd PAKOG Tou noTa-
pou.

MseTapopa ekkAnaoiag

OI NapanoTApIEG OWOTIKEG AVAOKAPEG NMOU €yIvaV TA TEAEU-
Taia Xpovia €pepav oTo PWE ONUAVTIKA GTOIXEIa yia Thv Npoi-
oTopia TnG Makedoviag Kal Tov PHAkKedOVIKO EAANVIOUO, EVW N
AEH J1€6g0e kovOUAI 800.000 gupw yia va NETAPEPEI OE PAYEG
Kal o€ véa uwnAoTepn B€on To NaAid povaoThpl Tng Mavayiag
Toupvikiou FpeBevVmV, NMPOKEINEVOU vVa YNV KATakAuoTei ano
Ta vepa Tng.

H ungpoxn d1adpour) nou evmVEl TIG apXaldTnTeg TnG Bepyivag
Me Tnv Aiavn dnuioupyei TepAoTieG duvaTdTNTEG avanTuéng
povadikoU ToupIoTIKOU MPOoidvTog PE MOAUMOIKIAO evdiape-
pov, ava@épel o Anpog KoZavng.

Ta vepd Tou VEOU TAMIEUTAPA O HIA €MOXM MOU Ol KAIMATIKEG
aAAayég ouvdEovTal pe npoPAnuaTa Asiwudpiag Ba cuvioTouv
NAEOVEKTNKA, avaPEpel o drpapxog K. Aalapog MalouTag Kal
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nNpooBETel Nwg «o Anpog Kolavng 8a napakoAouBei Tnv Tn-
pnon Twv deopeloswy TNG AEH yia Tnv npooTacia Twv pvn-
Meiwv, aAAd kal TNV eEENIEN TwV €pyaciwv anokatdoraong Tou
@uaoikoU nePIBAANOVTOG oTnVv nepioxn ThG Movig IAapinvog
woTe va Eavayivel ndAog EAENG XIANIGdWY TOUPICTMV».

(©avaong Toiyyavag / H KAGHMEPINH, 30.07.2012,
http://portal.kathimerini.gr/4dcgi/ w_articles kathglobal 1
01/08/2012 454464)
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Design and Construction Innovations

Antonio Freitas da Costa, Maria Eugénia Resende, Ma-
nuel Alberto Oliveira, and Vitor Ribeiro

While developing the new 194.2-mw Venda Nova II pumped-
storage project in Portugal, Energias de Portugal, S.A. used
several innovative civil engineering techniques to design and
build the power tunnels, support the powerhouse cavern roof,
and excavate the upper surge shaft. These innovations
helped EDP reduce construction time and cost for the project.

Development of the 194.2-mw Venda Nova II pumped-stor-
age project in Portugal has provided owner Energias de Por-
tugal, S.A. (EDP) with many opportunities to apply engineer-
ing innovations not previously used in the country. These in-
novations were used with the goal of reducing construction
time and cost for the project. During design and construction
of Venda Nova II, EDP:

e Used “unlined” tunnels for water conveyance in lieu of a
traditional reinforced-concrete lining;

e Adopted an alternative method for supporting the roof of
the powerhouse and transformer caverns; and

e Excavated shafts using a raise-boring technique instead
of the traditional explosives method.

Background on the project

Venda Nova Dam, a 97-meter-high arch gravity dam on the
Rabagdo River, was completed in the early 1950s to impound
water for the 135-mw Vila Nova powerhouse. A 2,650-meter-
long high-pressure tunnel conveys water from Venda Nova
Reservoir to an 820-meter-long penstock that feeds the
three-unit powerhouse. In an average year, this powerhouse
produces about 389 gigawatt-hours (gwh) of electricity. This
powerhouse also receives inflow from Paradela Reservoir on
the Cavado River. (See Figure 1) The powerhouse discharges
its water into Salamonde Reservoir.

The Venda Nova II pumped-storage project takes ad-
vantage of about 420 meters of gross head between the
Venda Nova and Salamonde reservoirs.

In 1996, EDP decided to build the Venda Nova II project, for
two main reasons. First, in 1995 and 1996, the Portuguese
Transmission System Operator, a division of the new Public
Electricity System, predicted growth in demand for electricity
of about 4.5 percent between 1996 and 2000 and 3.2 percent
between 2001 and 2005. New power stations were needed to
meet this projected growth in demand.
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Second, the government of Portugal recognizes that more re-
newable energy is needed to reduce the country’s depend-
ence on fossil fuel generation. In line with Portugal’s commit-
ment to the Kyoto Protocol and the European Directive re-
garding the promotion of electricity generation from renewa-
ble energy, Portugal’s goal is to have 39 percent of its elec-
trical demand met by renewable energies by 2010. The coun-
try plans to meet this target through a combination of de-
commissioning old thermal stations and building new renew-
able energy stations.

Venda Nova II was designed to take advantage of about 420
meters of gross head, over a stretch of about 4,500 meters,
between the Venda Nova and Salamonde reservoirs. Venda
Nova II, which began operating in August 2005, has two re-
versible 97.1-mw turbine-generating units. Each unit con-
sists of a Francis pump-turbine and a directly coupled syn-
chronous motor-generator, supplied by Voith Siemens Hydro
Power Generation. The project produces an annual average
of about 220 gwh.

Innovations used at Venda Nova I1

This article provides details about the three innovations men-
tioned earlier.

Using unlined tunnels

Traditionally, the design of hydro facilities in Portugal calls for
reinforced concrete lining for underground water supply tun-
nels. This lining is intended to decrease roughness of the tun-
nel, protect against falling blocks, and provide waterproofing.
However, for Venda Nova II, EDP looked at flexible support
structures using fiber shotcrete and rockbolting, also known
as “unlined” solutions. In this situation, the rock mass per-
forms a structural function. To compensate for the increased
roughness of the walls, the diameter of the tunnels is in-
creased. This also allows for some blocks to fall, without con-
cern for the carrying capacity of the tunnel. This concept is
used in Norway.

EDP studied several options to integrate unlined tunnels at
Venda Nova II. EDP understood that this concept could save
construction time and cost. This unlined tunnel concept is as-
sociated with some specific design criteria: to guarantee low
flow velocities (1 to 1.5 meters per second), to allow the fall
of some rock blocks (units are protected by racks in sand-
traps), and to avoid emptying of the system so as not to in-
troduce unfavorable hydraulic gradients to the rock mass.

Based on the quality of the rock mass, four unlined sections
were defined, as well as a rigid reinforced concrete-lined sec-
tion. Total lengths for the rigid lining were around 7 percent
in the headrace tunnel and 14 percent in the tailrace tunnel.
Figure 2 shows the tunnel layout at Venda Nova II.

7 = VenRoton et

Figwre 3~ Project overview

Several tunnels at the Venda Nova II pumped-storage pro-
ject were left unlined, following a concept used in Norway.
These include the headrace and tailrace tunnels, upper
surge shaft, and access tunnel from the support building.
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The option chosen consisted of:

e A 2.8-kilometer-long unlined headrace tunnel with a 15
percent slope and a 6.3-meter-diameter modified circular
section, to connect the upper intake and powerhouse. The
stretch upstream of the powerhouse is steel-lined and
preceded by an upper sand trap;

e A 1.4-kilometer-long subhorizontal unlined tailrace tunnel
with a 6.3-meter-diameter modified circular section, be-
tween the lower sand trap and lower intake;

® A 4.5-meter-diameter, 420-meter-long vertical unlined
shaft to act as the upper surge tank, 500 meters up-
stream of the powerhouse, which empties into an expan-
sion reservoir at the surface; and

e A 1.5-kilometer-long unlined access tunnel with an 11
percent slope and an 8-meter-diameter cross-section,
also used to run the power and control cables from the
transformers to the surface support building.

For unlined hydraulic tunnels, first filling is an important op-
eration. During filling, the rock mass hydraulic conditions
change because of the water pressures. This process, which
results in filling of the fissures and voids in the rock mass,
may induce leakage into the caverns and auxiliary tunnels
and to the surface.

Before the tunnels were filled, EDP performed surveying to
identify all infiltration points into the tunnels and caverns. A
filling velocity was then defined, considering the geological
and hydraulic conditions, to avoid any damages caused by
high pore pressure.

To monitor the tunnels for leakage during first filling, EDP
installed piezometers supplied by Tecnasol FGE and per-
formed visual inspections of the most significant leakage
points. Due to the very large water pressures in the headrace
tunnel, EDP installed a high-precision digital manometer in
the penstock, close to the protection valve in the power-
house, to measure water level in the tunnel.

Filling started from the tailrace tunnel, which is shorter than
the headrace tunnel and has a much lower final water pres-
sure. This filling took place in one step.

Headrace tunnel filling was carried out through controlled pe-
riodic opening of the intake gate. The duration of opening
was adjusted to control the rate of water level increase inside
the tunnel (about 10 meters per hour in the first 250 meters
and about 5 meters per hour in the last 150 meters). Moni-
toring steps were established at about 100 meters and later
adjusted, depending on the behavior of the measured leak-
ages. Leakages out of the headrace tunnel were evaluated by
the water level variation inside the tunnel, using the manom-
eter. When the leakages were considered acceptable and the
rate was reduced with time, filling continued.

Supporting cavern roof and walls

For most hydro projects developed in Portugal prior to Venda
Nova II, the practice for supporting the roof and walls of an
underground cavern consisted of a cast-in-place reinforced
concrete arch structure. However, EDP decided to use a sup-
port system consisting of cement-grouted rockbolts and fiber
shotcrete. This is the same type of support structure used for
the unlined tunnels.

This arrangement was possible because EDP considered the
geotechnical characteristics of the rock mass during selection
of the powerhouse location. The utility was looking for good
overburden conditions, as well as compatibility with the most
important geologic formations. To choose an approximate lo-
cation, EDP drilled four 350-meter-long vertical boreholes

from the surface. The utility then performed cross-hole seis-
mic tomography (Lugeon) tests to define geologic conditions.
In addition, EDP carried out laboratory tests on the samples
to evaluate mechanical characteristics of the rock.

The field tests and displacements measured during the dif-
ferent excavation phases led EDP to the conclusion that the
vertical stress in the powerhouse area was almost equal to
the weight of the overburden. In addition, the horizontal
stress normal to the powerhouse axis was about 2.5 times
greater than the vertical stress. These values correlated
closely with those accepted for the initial studies of this type
of support structure for the cavern roof and walls.

The excavations of the powerhouse caverns were simulated,
in the design stage, using the 3D numerical model FLAC3D,
supplied by HCItasca. EDP used this model to evaluate the
induced ground stresses, as well as the loads transmitted to
the support system. Predicted displacements in specific
points in the rock mass around the cavities for the power-
house and transformer hall were used to control the real dis-
placements measured by extensometers installed during ex-
cavation.

The powerhouse cavern for Venda Nova II is about 350 me-
ters underground. It is 20 by 60 meters, with a maximum
height of 40 meters. A smaller cavern adjacent to the pow-
erhouse cavern contains two power transformers.

Excavation of the two caverns was performed in two stages:

e First, the vault was excavated using two side-drift tunnels
with four transverse sections connecting these tunnels.
The contractor installed extensometers in the transverse
sections. Then the contractor completed excavation of the
main cavern arch and installed the shotcrete and rockbolt
support structure.

e Second, the contractor excavated the rest of the cavern
using the bench blasting technique.

Using raise boring for shaft excavation

Excavation of the vertical shaft for the upper surge tank was
a huge challenge because of its great height (420 meters).
Because of concerns about the environment and construction
safety, EDP decided that the excavation would be carried out
by mechanical means, instead of using explosives.

The raise-boring technique adopted for this shaft at Venda
Nova II involved opening a downward pilot borehole 0.3 me-
ter in diameter, then reaming this borehole to the final diam-
eter of 4.5 meters. The main civil works contractor, Consorcio
Somague/Moniz da Maia Serra & Fortunato (MSF)/Mota &
Companhia, performed this work.

A crucial aspect was to guarantee verticality of the pilot bore-
hole axis, given its long length and its link to the headrace
tunnel. The directional control system adopted, supplied by
Edil-mac of Italy, featured a built-in drilling head with auto-
matic position reading and self-correction equipment. This
method proved very efficient, with a deviation of only 13.9
centimeters at the bottom of the borehole.

Other smaller shafts at Venda Nova II also were constructed
using the raise boring technique. These include the vertical
shaft of the lower surge tank, with a diameter of 5.6 meters
and a height of 58 meters, and two slanted shafts connecting
the powerhouse and transformer caverns to the ventilation
and safety tunnel. These slanted shafts each are about 100
meters long and have diameters of 3.5 and 2.1 meters.

Results

Development of Venda Nova II began in 1997, with construc-
tion of roads and the access tunnel to the powerhouse. The
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main civil works began in mid-2000 and were completed in
2004. The project began generating electricity in August
2005.

Antonio Freitas da Costa is project manager with Energias de
Portugal, S.A. (EDP). Maria Eugénia Resende is structural en-
gineer, Manuel Alberto Oliveira is project management engi-
neer, and Vitor Ribeiro is hydraulic engineer with EDP. The
authors were members of the Venda Nova II design and pro-
ject management team.

The authors may be reached at Energias de Portugal, S.A.,
Rua do Bolhdo 36, Porto 4000-111 Portugal; (351)
220013191 (da Costa), (351) 220013174 (Resende), (351)
220013268

(Hydro-Review, Vol. 25, Issue 4, https://www.hy-
droworld.com/articles/print/volume-15/issue-4/articles/de-
sign-and-construction-innovations.html)
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Comparing Faced Symmetrical Hardfill and
Concrete-Faced Rockfill Dams
Mohammad Esmaeilnia Omran and Hamed Mahdiloo
Torkamani

With both faced symmetrical hardfill and concrete-faced
rockfill dams being suitable for sites with poor foundations,
the authors set out to determine unique characteristics of the
two dams types. Their research revealed a smaller amount of
deformation and lower costs for FSHDs.

The first and most important step in designing a new dam is
determining an appropriate type of dam to build, based on
the unique site conditions. The optimal design of the dam is
determined after consideration of technical, economic, envi-
ronmental and social factors.

For sites with poor foundations, trapezoid-shaped dams are
good options because they typically have a much greater
weight than conventional gravity dams and therefore do not
require the high shear strength of bedrock to satisfy require-
ments for safety against sliding. Both faced symmetrical
hardfill dams (FSHD) and concrete-faced rockfill dams
(CFRD) have symmetrical trapezoid-shaped cross sections
with an upstream concrete face slab that prevents water from
penetrating into the dam body.

In this article, the authors evaluate the properties of FSHD
and CFRD. Static and dynamic analyses for both dam types
were performed using finite element analysis software, and
safety was evaluated for static and dynamic loads. Finally,
both dam types are evaluated and compared technically and
economically.

The results show that FSHD and CFRD are safe against ap-
plied loads, but the deformation obtained in FSHDs is smaller
than that for CFRDs. Also, FSHDs are more economical to
build than CFRDs for sites with high flooding in the river.

Understanding these dam types

FSHD is a fairly new type of dam, first proposed in 1992,
which is called CSG (cemented sand and gravel) in Japan.
This type of dam is built using a low-cost cemented sand and
gravel material known as hardfill. A FSHD has several ad-
vantages, including a high degree of safety, strong earth-
quake resistance, low demands for the foundation, simple
and quick construction and minimal negative effects on the
environment.

Because of its trapezoid shape, a hardfill dam has much
greater weight and a longer length for shear resistance than
does a conventional gravity dam (see Figure 1). It is said the
high shear strength of the dam foundation is not required to
satisfy safety requirements against sliding, meaning this type
of dam can be constructed even on a poor foundation.3

FIGURE 1 Cross Section of Hardfill Dam
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A hardfill dam, with its trapezoid shape, has much greater weight and
a longer length for shear resistance than a conventional gravity dam,
making it suitable for sites with questionable foundations.
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CFRDs are popular all over the world, especially in regions
that receive heavy rain and where impervious clay is insuffi-
cient. CFRD has become popular over the past 40 years be-
cause of its good performance and low cost compared with
rockfill dams with an inner earth core.

A chronicle of modern rockfi Il dam design, including a de-
scription of current practice in CFRD design, is available,4 as
are explanations of the characteristics of rockfill behavior us-
ing specific CFRD cases.>® It is often necessary to rely on
historic performance data from other dams to estimate dam
properties. In recent years, a significant amount of research
has been performed with regard to the properties, design,
construction and behavior of CFRDs.

There are several examples of CFRDs built worldwide, includ-
ing New Exchanger, a 155 meter-high dam built in the USA
in 1967; Aguamilpa, a 187 meter-high dam built in Mexico in
1993; and Shuibuya, a 233 meter-high dam built in China in
2008.

Finite element models of FSHD and CFRD

The authors performed finite element modelling of FSHDs
and CFRDs to evaluate safety of both dam types against ap-
plied loads. To supply the general properties of the dam -
geometry, material properties of the foundation, dam height
and reservoir level - the authors chose a profile of the Kahir
Dam site for both models (see Tables 1 and 2 for more infor-
mation on the two dam types studied).

Table 1 — Geometric Properties of FSHD and CFRD Models

Dam height 48.5m 485 m
Width of dam crest 40m 10.0m
Width at base of dam 71.9m 165m
Length of dam crest 378 m 378m
Level of reservoir 425m 425m
e o 1641V
Concrete face 0.45m 0.45m

Table 2 — Material Properties of Finite Element Models

Unit weight (kg/m) 2,400 2100 2400
Poison's ratio 02 025 018 03
i 12,000 210 28,000 1000
ety 1 15000 250 28000 1250
Cohesion (KPo) 10
Internal friction (degree) 45

Kahir Dam, located on the Kahir River in southeastern Iran,
will be the first FSHD constructed in the country, and this
work is scheduled to begin in 2012. The dam is 68 meters
high, with a width at the dam crest of 4 meters and width at
the base of 71.9 meters. The upstream and downstream
slope of this dam is 0.7H:1V. The river basin area at the Kahir
Dam site is equal to 4,596 km2. And average annual rainfall
in the basin is 150 mm.”

Modeling of the FSHD was performed using ANSYS finite ele-
ment analysis software.® A two-dimensional FEM model was
built for static and dynamic analysis. The solid structural el-
ement PLANE 82 is used for the dam body (hardfill), concrete
face and foundation. This is an eight-node element. A contact
element is adopted to simulate the element between the dam
body and concrete face. This FEM model has plane-strain be-
havior. Also, the dam body, concrete face and foundation
were assumed as elastic material.



Modeling of the CFRD was performed using PLAXIS finite el-
ement software.® A 2D FEM model was built for static and
dynamic analysis. A six-node element was used for the dam
body (rockfill), concrete face and foundation. The element
between the dam body and concrete face is a contact ele-
ment. This FEM model has plane-strain behavior. Also, the
concrete face and foundation were assumed to be elastic ma-
terial, and the model of the dam body (rockfill) is a Mohr-
Coulomb (plastic) model.

Loads applied in the static and dynamic analysis of the FEM
models for both dam types are:

- Weight of the dam body;

- Hydrostatic pressure of the reservoir water on the up-
stream dam surface;

- Uplift pressure at the base of the dam;

- Inertia force of the dam body from upstream to down-
stream (dynamic load); and

- Hydrodynamic pressure on the upstream side of the dam.

The earthquake coefficient for both dams was considered to
be 0.15.

Technical evaluation of FSHD and CFRD

The maximum deformations in the dam body and concrete
face under dynamic loads for a FSHD are much smaller com-
pared with the CFRD: the maximum horizontal and vertical
deformations are 1:11 and 1:14. In this condition, the facing
safety for a FSHD is better than that for a CFRD.

Table 3 shows the principle stress and safety factor for a
FSHD. Safety factors for stress distribution in the body of a
FSHD for the static and dynamic load cases are considered to
be 3 and 1.5, respectively.10 Tensile and compressive
stresses in the dam body are much less than allowable
stresses. As a result, the dam is in the safe condition. Also,
for construction of a FSHD, hardfill materials with low cement
strength can be used.

Table 3 - Principle Stress and Safety Factor for FSHD

Tensile stress (Mpa) 0.694 1.5 216

Compressive siress N g
(Mpa) 3.44 15 436

In the FEM model of a CFRD, tensile and compressive
stresses distributed in the dam body are very low. Maximum
tensile and compressive stresses created in the dam body are
-0.5 MPa and 0.3 MPa, respectively. As a result, the dam is
in the safe condition.

The formula for the local safety factor against sliding at the
base of the dam is:3

Equation 1 K=(o xf+cxA)/T

where:

- 0 is normal stress in the vertical direction at the base of
the dam;

- fis friction against shearing;
- cis cohesion against shearing;
- Ais the width of the dam base; and

- Tis shear stress at the base of the dam.

Safety factors against sliding at the base of a FSHD and a
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CFRD are 2.1 and 3.25, respectively. Figure 2 shows the dis-
tribution of local safety factors against sliding at the base of
a CFRD and FSHD, respectively. From the viewpoint of struc-
tural stability, it can be seen that a CFRD has greater safety
factor than the FSHD because a CFRD has much bigger
weight and longer length for shear resistance than a FSHD.
According to the safety factor result, the safety against slid-
ing of a CFRD is about 50% more than a FSHD, but both dams
are safe against sliding.

riGurs 2 Safety against Sliding at Base of FSHD and CFRD
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Economical evaluation of FSHD and CFRD

In this section, FSHDs and CFRDs are evaluated economi-
cally. For this purpose, both of the FEM models in the previ-
ous section were considered as sample cases for economic
evaluation.

From an executive point of view, the six most important as-
pects of dam construction are:

- Water diversion system;

- Excavation of foundation and abutment of the dam and
modification as needed;

- Construction of cutoff wall;
- Construction of dam body;
- Construction of spillway; and

- Instrument installation.®

With the dam site for both FSHD and CFRD being essentially
the same, the executive items and associated costs are
equal. The second and third items are the same for both dam
types.

Design of a water diversion system for rockfill and earth dams
is based on the seven- to 10-year flood return periods,
whereas roller-compacted-concrete (RCC) dams are based
on three- to five-year flood periods. This is because the con-
struction period for rockfill dams is longer than for RCC dams.
Thus, the cost of a water diversion system for CFRD is more
than for FSHD.

Costs for excavation of the foundation and abutment and
construction of a cutoff wall are considered identical.

Construction of the dam body and spillway for FSHDs and
CFRDs are different. The amount of materials used in the dam
body and concrete face was 696,654 m? of hardfill for the
FSHD and 1,604,138 m?3 of rockfill for the CFRD, along with
15,564 m3 and 10,070 m? for the concrete face of the CFRDs
and FSHDs, respectively.!!

Using the above numbers, the total cost of dam body and
facing construction for FSHDs and CFRDs has been calcu-
lated. The total cost of a FSHD is $14,537,820, with
$13,933,080 for the dam body and $604,200 for the concrete
face. The total cost of a CFRD is $11,360,737, with
$10,426,897 for the dam body and $933,840 for the concrete
face (see Table 4).

p- 1] 10



Table 4 — Material Costs for FSHD and CFRD

Hard-fill

520 $13,933,080
Rock-fill = 1.604138 865 $10,426,897
10,070 $604.200

$60
15,564 $933.840

Concrete
face

In the above costs, the cost of the spillway is not included.
For CFRDs, the spillway is constructed separately from the
dam body, and its costs are about 30% to 35% of the total
cost of the dam. For FSHDs, the spillway is constructed on
the dam body and the spillway costs are very low, only about
5% of the total cost of dam construction.!! Thus, in general,
CFRD costs are greater than FSHD costs.

Summary and conclusions

FSHDs and CFRDs were evaluated technically and economi-
cally and compared with each other. Based on the above
technical and economical evaluation, the authors have drawn
the following conclusions:

e FSHD, a new type of RCC dam with a shape between a
gravity dam and CFRD, has good quality and some unique
advantages such as high safety, strong earthquake re-
sistance, low demands for foundation, simple and quick
construction, low cast and small negative effects on the
environment.

e CFRD has a symmetrical trapezoid-shaped cross section
with a concrete face slab on the upstream side that pre-
vents water penetration into the dam body. This type of
dam is suitable for sites with alluvial foundation and
gravel materials and especially in regions that receive
heavy rain and where impervious clay is insufficient.

e Results show that deformations at the dam body and con-
crete face of FSHDs are smaller than deformations for
CFRDs.

e The maximum horizontal and vertical deformations at
FSHD dam body are 1:11 and 1:14, respectively.

e Results obtained from the analysis show that tensile and
compressive stresses in the bodies of both dam types are
much less than allowable stresses, and both of the dam
types are in the safe condition.

e Hardfill materials with low cement and lower strength can
be used for the construction of FSHD.

o The safety factor against sliding of CFRD is about 50%
more than FSHD, but both dams are safe against sliding.

e Evaluating the total costs of dam construction — including
the cost of the diversion system, dam body, facing and
spillway construction — one can see the total construction
costs of FSHD is less than CFRD.

e Construction of FSHD on sites located on seasonal rivers
with high floods is a better option than CFRD because dur-
ing unexpected seasonal floods, FSHD has a greater
safety factor than CFRD.
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RCC arch dams: temperature control and design
of joints

Bofang Zhu

THE CONSTRUCTION technology of an RCC arch dam is sim-
ilar to that of RCC gravity dams. The main difference between
these two types of RCC dams is the temperature control and
design of joints. Sections of gravity dams are stable on their
own, so transverse joints without grouting may be adopted
in gravity dams to release the restraint to thermal defor-
mation in the axial direction of the dam. The height of region
of remarkable foundation restraint to thermal deformation in
the direction of the river is about 0.20L, where L is the width
of the base of the dam. Thus, if the concrete of the lower part
of the dam subjected to severe foundation restraint is poured
in the months of lower temperature of a year, the tempera-
ture control of the upper part of the gravity dam is not diffi-
cult.

On the other hand, the water loads on an arch dam are trans-
ferred to the abutments by the horizontal arch action, the
safety of an arch dam relies on the continuity through the
dam, and so transverse joints without grouting are not per-
mitted in an arch dam. The thermal deformations are re-
strained by the foundation rock on the two sides from the
base to the top of the dam. If concrete is poured in warm
months, remarkable thermal stresses and cracks may be in-
duced in the dam.

There are no transverse joint but only some crack inducers
in the first three RCC arch dams constructed in the world
(Kuellpoort and Wolwedans dams in South Africa and Puding
dam in China). After a thorough study of this problem, in
1992, the author pointed out that grouted transverse joints
and relevant temperature control generally are necessary to
RCC arch dams except the small ones constructed in winter
months, and suggested that transverse joints may be made
by precast concrete and the dam can be cooled by water flow-
ing in embedded pipes (Zhu 1992).

Thereafter, transverse joints grouted after proper cooling are
generally adopted in RCC arch dams in China. The method
for computing the temperature loads, the method for control
of thermal stresses and the principles for design of joints for
RCC arch dams are given in the following paper.

RCC arch dams without transverse joint

In warm regions, such as the south of China, because the
final qusi-stable temperature of the dam is high, a small RCC
arch dam can be constructed in the winter months. In this
case, the temperature drop of the concrete is not great and
there will be possibly no cracking if the dam is constructed
without transverse joint. It will be shown how to analyse this
possibility in the following.

As shown in Figure 1, the temperature in the section of a dam
at any time can be divided into three parts: the mean tem-
perature Tm, the equivalent linear temperature difference
Ta and the nonlinear temperature difference T, as follows:

L2
Tn=1 [ T(x)dx

—ir (1)
. L2
T,=L [ T{x)d
Y _{rz (l) : 2)

where L is the thickness of the dam.
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Figure 1

The nonlinear temperature difference Tn is an important fac-
tor leading to superficial cracks but it does not affect the dis-
placements and internal forces of the dam, therefore, only
mean temperature Tm and equivalent linear temperature dif-
ference Tq are considered in the stress analysis of arch dam
in the Design Specifications for Concrete arch dams in China.

For an arch dam without transverse joints, the temperature
loads may be computed by the following formulas

Tn=Tm —Tpo+ T

Ty =Ty —To+Th )

where Tm and Tq are the mean temperature and the equiva-
lent linear temperature difference for computing thermal
stresses in the arch dam; Tmo and Tao are the highest mean
temperature and equivalent linear temperature difference in
the process of construction; Tmi1 and Ta1 are the mean tem-
perature and equivalent linear temperature difference (along
X axis) of the annual mean temperature in the period of op-
eration; Tm2 an Ta2are the mean temperature and equivalent
linear temperature difference induced by the variation of the
water temperature on the upstream face and the air temper-
ature on the downstream face.

As shown in Figure 2, the annual mean temperature of the
upstream face of the dam is equal to the annual mean tem-
perature of the water in the reservoir, which can be ex-
pressed as follows (Zhu 1997)

Tun=c+(b—cle *™ (5)

in which ¢ = (Tb - bg)/(1 - g), g = e % where y is the
depth of water, m; H is the depth of the reservoir, m; Ty is
the water temperature at the bottom; b is the annual mean
water temperature at the surface of reservoir; Tum is the an-
nual mean water temperature at depth vy.

The annual mean temperature of the downstream face of the
dam is given by the following equation

Tim = Toa + AT ()

where Tma is the annual mean air temperature, AT is the in-
crement of mean temperature of downstream face due to so-
lar radiation. The mean temperature of the downstream face
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below the tail water may be computed by an equation similar
to equation 5.

= T,=T,,+Acos0 (T-Ty—¢)
> T,;=T,,+Acos0 (T -1,
Y
A L

°
\x/z\x/2\x/=2\x /=z\x /=2
Figure 2

Because arch dams are generally not very thick, the distribu-
tion of annual temperature along the thickness is practically
linear, so the mean temperature Tm: and equivalent linear
temperature difference Ta: (along x axis) of the annual mean
temperature in the period of operation may be computed as
follows

Tml =

[T

(Tam + Tum)

Ty1 = 3{Tam + Tum)
)

If no special measures are taken, the distribution of temper-
atures in the direction of thickness of the dam is generally
symmetrical, so the equivalent linear temperature difference

T70=0 (8)

The maximum mean temperature of concrete in the process
of construction is given by

Two =T, + T, ©)

in which T, is the placing temperature of concrete, T: is the
maximum temperature rise due to heat of hydration of ce-
ment, k: is a coefficient of reduction considering the influence
of the compression due to the temperature rise in the early
age which will offset a part of the tensile stress induced by
the temperature drop in the later age of concrete. kr is ap-
proximately equal to 0.70~0.85. To be on the safe side, we
may take kr =1.0, then

To=T, + T, (10)

Let the adiabatic temperature rise of concrete be given by
—mr
O(7) =0(1 —e™) (11)

where t is age of concrete (d); m is a constant and 6o is the
final adiabatic temperature rise.

For a RCC dam with thickness L, considering the loss of heat
from the two lateral sides as well as from the surface of lift,
the maximum mean (across the thickness) temperature rise
due to heat of hydration may be given by the following for-
mula:

Tr: SNHD (12)

where N is the coefficient of heat loss from the two lateral
sides, given by a theoretical solution (Zhu 1999); s is the
coefficient of heat loss from the surface of lift, given by nu-
merical method, the value of s primarily depends on the rate
of rising of the dam concrete. N and s may be found from
Figure 3 & 4.
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Figure 4

As shown in Figure 2, the temperature of the upstream face
of the dam is given by (Zhu 1997)

Tn(y, Ty = Tmn(y) -+ A,,(y)cosw(ﬂ' —Tg—€) (13)

where t is time; y is the depth of water; Tum(y) is the annual
mean temperature of water; Au(y) is the amplitude of annual
variation of water temperature; to=6.5 month is the time of
maximum air temperature; e is the phase difference between
the maximum temperatures of water and air; ?=2? /P, P=12
month is the period of variation of temperature.

Tum is given by Equation 5 and Au is computed as follows:

A, = ADE—D.DIS}' (14)

where Ao is the amplitude of annual variation of the water
temperature at the surface of reservoir (y =0). The temper-
ature of the downstream face of the dam is given by

Ta(y. 7) = Tam(y) + Ag(¥)e0sw(T —Tg) 5,

The mean temperature Tm2 and the equivalent linear temper-
ature difference T4z induced by the annual variation of water
temperature on the upstream face and air temperature on
the downstream face are computed as follows:
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Ty = km[Ad(y)cosw(T —Tg— f?m)
+A,(y)cosw(T — T —E—n‘?m)] (16)
Tdﬁ = kd [Ad(y)COSW(T — TEI — Hd)
—Ay(y)ecosw(T —Tg —E—ﬁ'd)] (17)
in which

1 2(chri—cosn
km = Z_nv chny + cosn ,

1| _1{ sinnp
0, = ;I:Z — tan (E)jl

_1{ b
kd:I;af—l—bf, Qd:%tan l(ﬁ)
st

@ kP
b= %(%cosuﬂm - 1)

e AN ,
n=Ljpw=% (17a)

where a is the thermal diffusivity of concrete, and P=12
month.

For example, as shown in Figure 5, the height of dam is 75m,
the thickness at top is 6m and the thickness at base is 30m.
The final adiabatic temperature rise ?0=18°C, the coefficient
of rate of heat hydration m=0.15 (1/d), the rate of rising of
dam concrete is 0.50 m/d, from figure 4 s=0.89, N is given
in Figure 3.

133.30m
N )5
A
g
2 3
l! ZZTITTTITTITIIN
Figure 5

The annual mean air temperature is 14.7°C, the increment
of temperature due to solar radiation is 3°C, so the annual
mean temperature of the downstream face of dam is
Tam=17.7°C. The annual mean temperature of water at the
surface of reservoir is 16.7°C, from Equation 5, the annual
mean water temperature at the upstream face of dam is
given by

Ty =11.62 +5.08¢ 004 (18)

The amplitude of annual variation of water temperature is

A, =9.55¢ 70018y (19)
The temperature loads of the dam are computed by Equa-
tions 4, 7, 10, 16 and 17 and the results of computation are
given in Table 1.

For the loading case: water pressure + weight + temperature
loads in winter, the dam is analyzed by the program ADASO
(Arch Dam Analysis System and Optimization) (Zhu et al.
1991). The stresses are shown in Figure 6. The maximum
tensile stress is 1.05MPa, which is less than the allowable
tensile stress 1.20MPa, stipulated in the Design Specifications
of Concrete Arch Dam of China. Although there is no trans-
verse joint in the dam, as the dam is constructed in winter
months, the thermal stresses are small, so it is possible that
there will be no cracking. To be on the safe side, some crack
inducers may be set up in the dam. It is necessary to use
superficial insulation and curing in the process of construction
to prevent cracking due to cold wave and drying shrinkage.

Table 1 Temperature loads for a RCC arch dam

Elevation (m) 0 15 30 45 60 75
Thickness (m) 30.0 | 25.2|20.4| 15.6 | 10.8| 6.0
Coefficient N 0.870]0.855(0.825|0.770]0.710]0.530
TempTer?fge fise 113.94|13.70{13.21[12.33[11.37| 8.49
Placing time Dec. | Dec. | Jan. | Jan. | Feb. |March
P'ac'”?otce)mp T l67]67]|50]|50]|67]116
Tmo=Tp+Tr 20.64] 20.4 (18.21|17.33]18.07|20.09
Tao 0 0 0 0 0 0
Tm1 13.70(14.44)115.17|15.60(16.37]|17.20
Ta1 2.47 14.52(5.06| 4.21]2.67] 1.00
Tm2 0.794]1.054(1.360{1.939|3.586|8.141
Ta2 1.962|3.855|4.205|4.160(2.346| O
Temperature loads| _ _ _ _ _ _
in winter (°C) Tm 7.73(-7.01|-4.40|-3.67|-5.29|-11.03
Ta 0.51]0.67(0.86| 0.05]0.32] 1.00
Temperature loads| ¢ 45| 4 91-1.68|+0.21| 1.89 | 5.25
in summer (°C) Tm
Ta 4.43 | 8.389.27| 8.37 | 5.02 ] 1.00
right bank left bank
~75m —_— - — <> <> —— <> —Pp—q
-0.41 -0.51 -0.54 -0.51 -0.41
| ¢0m 1.77 1.77
 45m 1.86 1.86
-30m
1.82
-15m
-~ Om

ZeAida 14

TA NEA THZ EEEEI'M - Ap. 115 - IOYNIOZ 2018



lett bank
-
-1 05\ 047 047 /-1.05

087 % K b—f4 ‘%‘ *

right bank

5 1 71 -0.87
-0.86 L .08 -0.86
1.12 ,354 ,,2: 41 ¥

-0.96 236 0.96

-0 84

\{J.

(b)

Figure 6

RCC arch dams with transverse joints

If the dam concrete can not be poured in winter months, or
the dam site is located in a cold region where the final mean
temperature of the dam is low, the inevitable big temperature
difference will induce remarkable cracking. In this case, it is
necessary to adopt transverse joints grouted after proper
cooling in the dam.

Firstly, it is suggested to pour the concrete in lower part of
the dam in winter months to the greatest extent so as to
increase the height Hi of the part of dam without joint as
great as possible (Figure 7). Transverse joints are necessary
in the part above Hibecause the temperature differences are
big. As RCC generates less heat of hydration, the distances
between transverse joints may be somewhat greater than
those in conventional concrete arch dams. According to the
length of the crest of dam, there may be 1~4 transverse
joints, as shown in Figure 7. Some steel reinforcements must
be put beneath the lower end of the joint standing on con-
crete to prevent the joint from extending downward in the
course of cooling of the dam.

8 form A, key form A, 2
- 4 Z X

*

heght of grour zone

e

0.30
e

: <
110 __ Uy __ 2 3
..... . s 2 11
..... rm A, d £ =
-2 I'Ms'l" 0,50 _l_nzc_l k]
® |
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Figure 7
Cooling of the dam before joint grouting

Before grouting of the transverse joints, the dam must be
cooled to predetermined temperature; for example, the
mean temperature of the dam must be not higher than the
annual mean temperature of the dam in the period of opera-
tion.

This requirement may be fulfiled by natural cooling when the
thickness of the dam is small; otherwise, artificial pipe cool-
ing must be used. In Shuikou RCC gravity dam, steel cooling
pipe had been used (Chen 1991). In the cofferdam of Da-
chaoshan dam, a RCC arch dam, PVC cooling pipe had been
used successfully (Chen 2002). PVC cooling pipe is more suit-
able than steel pipe, because PVC pipe has less connections

and it is so flexible that it can be installed easily before pour-
ing of concrete.

If the reservoir can be emptied of water in the period of op-
eration, instead of cooling pipe, the repeated grouting system
may be used to grout the transverse joints after the dam
concrete having been cooled, but there are some uncertain-
ties in this case, for example, if the water level is high in the
process of natural cooling of dam, remarkable tensile
stresses may appear in the dam which will induce cracking
and worsen the stress state of the dam.

Crack inducers

Crack inducers reduce the effective area of the cross-section
of the dam. When the tensile stresses in other part are not
higher than those acting on the section of crack inducers,
they will open; otherwise, cracks may appear in other part of
the dam and crack inducers will not open, as in Puding RCC
arch dam.

When the dam is thick, a long time is required for the tem-
perature in the dam to fall to the final quasi-steady temper-
ature. Under the simultaneous action of the water pressure
and temperature drop in the process of natural cooling of
dam, the axial force of the arch is generally compressive (ex-
cept the upper part of the dam), the stresses will be tensile
on one side and compressive on the opposite side, so it is
impossible for the full section to open and the stress state in
the dam may be worsened.

The action of crack inducers is different from that of trans-
verse joints, which are grouted after the dam having been
fully cooled. Thus crack inducers can be used only as auxiliary
measures and not as principal measures to control cracking
in RCC arch dams.

Construction of transverse joints

The author proposed to use precast concrete to form trans-
verse joints in RCC arch dam (Zhu 1992). This idea was re-
alised and developed in the design of Shapai RCC arch dam
(Chen 2002). As shown in Figure 8, the transverse joint is
formed by a series of pairs of gravity type precast concrete
forms with length of 1.00m and height of 0.30m, which is
equal to the thickness of layer of concrete. The height of
grouting zone is 6.0m.

There are two types of forms: Al and A2. The grouting sys-
tem is installed in form Al and the keys of joint are in form
A2. In the process of construction of dam, the precast con-
crete forms are installed before the pouring of concrete.

The dam is cut by transverse joints, which are grouted after
the dam concrete having been cooled to predetermined tem-
perature. The structural action of transverse joints is clear
and reliable.

Conclusions

In the warm region, the final quasi-stable temperature of the
dam is high. A small RCC arch dam can be constructed in
winter months, so the temperature drop of the dam concrete
is not great and it is possible that there will be no cracking if
the dam is constructed without transverse joint.

If the dam cannot be constructed in winter months or the
dam site locates in cold region where the final mean temper-
ature of the dam is low, it is necessary to adopt transverse
joints grouted after proper cooling of the dam. The joints may
be formed by precast concrete blocks with height 0.30m
which is equal to the thickness of layer of concrete.

If the dam is thin, it may be cooled to predetermined tem-
perature by natural cooling, otherwise, PVC cooling pipe may
be used which is convenient for RCC.
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Source: Bofang Zhu, China Institute of Water Re-
sources and Hydropower Research, Beijing, China
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Crews bracing Echo Dam for quakes
$50 million upgrade will help protect Morgan
County downstream

Echo Dam is 82 years old, and it's getting a makeover — a
$50 million seismic nip and tuck.

Studies beginning in 1998 revealed that the 158-foot-high
earthen dam along the Weber River in northeastern Summit
County is sitting atop a "liquefaction" zone, where soils can
become unstable during an earthquake, said Curtis Pledger,
Provo area manager for the federal Bureau of Reclamation.

The zone is on the dam’s downstream side, where crews be-
gan excavating in early June. They will dig down to bedrock,
removing about 665,000 cubic yards of soil and gravel and
refill the excavated area with what Pledger described as "sta-
ble material" that will not liquefy in a temblor.

Seismic upgrade of Echo Dam

A seismic upgrade of Echo Dam will bolster the structure and
raise the dam'’s crest by five feet to an elevation of 5,575 feet.

Additional . Additional . Excavation, add
upstream berm downstream berm compacted material
5,680 ft.

Maximum
surface Old

level crest
» 5560 ft.  »5,570 ft.

5,640

Source: Bureau of Reclamation The Sakt Lake Tribune

All told, Pledger said, the crews will end up stabilizing the
dam with 1.2 million cubic yards of material.

The spillway also will be reconstructed by the project’s finish
date in September 2014.

Seismic studies now show that a 4.5 magnitude quake along
the Main Canyon Fault could cause soils beneath the dam to
"sag," leading to a failure that most likely would result in the
loss of life and property downstream, particularly in Morgan
County.
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Crews also will construct berms abutting both sides of the
dam that will allow it to withstand a 6.5 magnitude quake on
the nearby Main Canyon Fault, which runs between Henefer
and East Canyon. That would be equivalent to a 7.5 farther
away on the Wasatch Fault in the Salt Lake Valley.

When full, Echo Reservoir holds 74,000 acre-feet of water. If
the project did not go forward, the Bureau of Reclamation
would allow the Weber River Water Users Association —
which owns and operates the dam — to fill the reservoir to
only 56 percent of capacity, said Manager Ivan Ray.

"That would not take care of all our downstream demand,"
Ray said, "particularly in a dry, hot year like this one."

The reservoir is now dropping 12 inches per day due to de-
mand

(Christopher Smart / The Salt Lake Tribune, July 16 2012,
http://www.sltrib.com/sltrib/news/54497009-78/dam-
crews-downstream-echo.html.csp)
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National Geographic Documentary 2016
Top 15 Worst Dam Disasters Ever

AVaQEPETAl 0 APEPIKAVIKA QPAyUaTa nou &iTe aoroxnoav,
€iTe N aoToxia Toug KNopei va NPokaA€éaon ooBapEC KATaoTpo-
@EG KAl anaiTouyv evioyuon.

https://www.youtube.com/watch?v=7yVy IMCRMg
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Vajont Dam
Seconds from Disaster - Mountain Tsunami

In 1960 construction of Europe's tallest dam is completed in
the Vajont Valley in Northern Italy - the jewel in the crown of
an ambitious hydro-electric generation scheme. But as the
new reservoir fills, a vast section of mountainside is dislodged
and creeps towards the lake. The power company know the
landslide has the potential to cause a devastating tsunami if
it hits the water at speed, so they develop a plan to ease the
landslide down by adjusting the level of the lake. For two
years there are no problems, but in October 1963, the land-
slide suddenly accelerates - and slams into the reservoir as
fast as a formula one car - creating a tsunami 250 metres
high which overtops the dam and swamps the valley below -
killing more than 2000 people. Seconds from Disaster reveals
the systematic errors that led to tragedy - and sheds new
light on the landslide mechanism that has baffled scientists
for 50 years.

Written by Darlow Smithson Productions
Mapoucgiacn Twv eNNTWOEWV Kal digpelivnon TWV aITiov Tng
acToxiag. Missed geological feature 250 m below the ground

surface.... Moving mountain for the locals...

https://www.youtube.com/watch?v=ybZdLIL4DtY

o3 D

Seconds from Disaster:
Flood at Stava Dam (Tailings Dam)

Nestle in the beautiful Southern Alps of Italy, lies the Stava
valley, the epitome of the unsquared Alpine resort. Then, a
terrifying tidal wave of mud surges down the valley at 90
kilometers per hour, destroying everything in its path. 268
people perished in less than 4 minutes. Now, using advanced
computer graphics, we reveal exactly what went wrong.

July 19, 1985 / National Geographic 2004

http://www.imdb.com/title/tt0462133/7...
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RCEM

Reclamation Consequence Estimating Methodology

Dam Failure and Flood Event
Case History Compilation

Introduction

Dam failure and non-dam related flooding case histories can
form the basis of an empirical method of estimating dam fail-
ure flood fatalities. The DS0-99-06 was developed in 1999
by Reclamation, and is based on forty such case histories. All
of the original case histories presented in DS0-99-06 are
contained in this document, plus additional cases. Many of
the case histories are located in the United States, but in-
cluded are notable dam failure or other types of flooding
events which occurred in Europe, South America, India,
China, Indonesia and Japan.

The estimation of life loss from dam failure is an important
part of the risk analysis process which attempts to evaluate
a group of dams within a portfolio on equal terms. Potential
failure modes (PFM) are developed, and an annual failure
probability is estimated for each PFM. Estimated life loss
numbers are generated for the PFM and the analysis results
are plotted on an f-N chart to evaluate the need for further
action and to develop a ranking of the dam’s needs relative
to other dams in the portfolio.

This document contains a brief summary of every case his-
tory that was used to develop DS0-99-06 as well as addi-
tional case histories which expand the empirical data set. Rel-
evant and unique information is provided, where available for
each case. The purpose of this document is to allow the
reader to become familiar with these cases and to possibly
create insight into whether a particular case history has sim-
ilarities to a dam being examined through risk analysis. Each
case history description contains a summary table with key
parameters, and references are provided if more information
is needed. Note that the Reclamation Flood Event Case His-
tory Archive, consisting of scanned pdf files of documents
used to develop DS0O-99-06, contains a great deal of infor-
mation on many of these case histories.

The estimation of life loss, for a given dam failure, is often
based on parameters which are developed through numeric
hydraulic analysis. Key parameters are: flood depth multi-
plied by flood velocity (DV), which can be used to quantify
the intensity and destructiveness of flooding; and flood wave
travel time, can be combined with other information to esti-
mate warning and evacuation. DSO-99-06 also used a flood
severity understanding parameter that is intended to help
adjust fatality rates based on how well the downstream public
may perceive the risks. While the flood severity understand-
ing is an excellent concept, it is not currently supported with
substantial empirical data. RCEM 2014 does not explicitly use
the flood severity understanding concept.

DV is an important parameter that is used to help character-
ize the DS0-99-06 concept of flood severity, which is cate-
gorized as being high, medium or low. In descriptive terms,
DS0-99-06 provided the following criteria for flood severity
classification:

e Low severity occurs when no buildings are washed off
their foundations.

e Medium severity occurs when homes are destroyed but
trees or mangled homes remain for people to seek refuge
in or on.

e High severity occurs when the flood sweeps the area clean
and nothing remains. Although rare, this type of flooding
occurred below St. Francis Dam and Vajont Dam.

Various research studies have correlated DV with the stability
of structures, motor vehicles and people (RESCDAM, Abt,

TA NEA THZ EEEEI'M — Ap. 115 — IOYNIOZ 2018

ZeAida 18


https://www.youtube.com/watch?v=7yVy_lMCRMg
https://www.youtube.com/watch?v=ybZdLlL4DtY
http://www.imdb.com/title/tt0462133/?ref_=tt_ov_inf

etc.). These studies have helped to form a basis for the nu-
meric definitions of flood severity categories used by Recla-
mation. DV in relation to building structural stability is con-
sidered to be a particularly significant parameter, since the
damage or destruction of a house can be considered an indi-
cation of potential lethality.

Numerically, flood severity has been described as:

e Low severity where DV is less than 50 ft2 /s

e Medium severity for DV greater than 50 ft2 /s

e High severity for DV greater than 160 ft2 /s combined
with rate of rise of at least 10 feet in 5 minutes

Regarding the case histories, several items should be noted:

e There is only one documented case history (South Fork
Dam) with instances of high severity flooding where
warning is present.

e Fatality rates are based on estimates of PAR which can be
very approximate.

e Other information, such as DV and warning time are, in
some cases, based on anecdotal information.

e For many of the case histories, varied flood severity may
have been present. This may be true for some of the low
severity dam failure cases where medium severity flood-
ing may have existed in some areas, typically closer to
the dam.

e Some of the low severity flash flood cases only examined
fatalities in a particular area of interest, but there may
have been additional fatalities occurring within other ar-
eas affected by the flood.

e A lot of case histories lack DV information. For these
cases, the flood severity classification was based on vari-
ous methods of DV estimation which are described below.
There is a certain amount of subjectivity associated with
the flood severity designation for some of these case his-
tories.

Several methods were used to estimate DV for the cases con-
tained in this report. Often there is reported information
available for downstream locations concerning maximum
depths and flood wave arrival time, which can be converted
to a velocity. Many of the DV values were estimated using
this data. One should realize though, that this information is
often anecdotal, and was often reported by observers who
may have been in a state of confusion at the time of obser-
vation.

Hydraulic re-creation analysis has been performed for a num-
ber of the case histories. For these cases, the estimates of
DV are based on modeling results.

Where depth and velocity information was not available,
maximum discharge estimations divided by the flood plain
width were used to estimate DV at a particular location.

In situations where data is very limited, a range of estimated
DV has been based on photos and verbal descriptions of the
flood.

Additionally, the location of the PAR may sometimes have
been away from locations where the maximum DV had oc-
curred. For some of the case histories, attempts were made
to account for this and to reduce the DV estimate.

The case histories do not contain any events which affected
large urbanized populations. In this type of situation, evacu-
ation may be restricted by roadway capacity and traffic con-
gestion. For the most part, estimates of fatalities for cases
with large, urban populations fall outside the range of exist-
ing case history data. The application of empirical data to
cases such as this should be approached cautiously. In situ-
ations where critical decisions may be affected by the life loss
estimate, fatality rates might be better estimated using a nu-
meric model such as the Life Safety Model (LSM).

Note that many of the reference documents used to develop
the descriptions of these case history descriptions can be
found in what is being referred to as the “Reclamation Flood
Event Case History Archive”. The archive is a collection of
reports, papers, newspaper articles and other information
that was compiled by Reclamation employee Wayne Graham
before his retirement. Another significant contributor to the
archive was Reclamation employee Earl (Bud) Bay, also now
retired.

https://www.usbr.gov/ssle/damsafety/documents/RCEM-
CaseHistories20140304.pdf

(CZ -0

DAMS FAILURE IN EUROPE
MSc. Graduate: TIANJI LI, October 2015
Abstract

In the European continent, as everywhere in the world, dam
building has been very common for centuries and millenni-
ums. It used to be small dams built with basic means. With
industrial revolution, development of fluvial transport and ag-
ricultural improvements, needs became more and more im-
portant. In this document, I have collected the available in-
formation about European dams and their main failures, de-
pending on their typology, and I have introduced the present
data-based models for the prediction of dam behaviour.

https://www.politesi.polimi.it/bit-
stream/10589/112901/3/Tianji Tesina.pdf
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BGA

*THE BRITISH -
GEOTECHMICAL
ASSOCIATION

BpaBeuon Tou Avtovn ZepBoU HE TO
2017 BGA Medal

2017 BGA Medal is awarded to a paper on 'A Behavioural
Framework for Fibre-reinforced Gravel' published in Géotech-
nique by authors Ajayi, Le Pen, Zervos and Powrie

The British Geotechnical Association (BGA) is pleased to an-
nounce that the 2017 BGA Medal has been awarded to a pa-
per on ‘A Behavioural Framework for Fibre-reinforced
Gravel’ published in Géotechnique by authors Dr Olufemi
Ajayi (now with Ramboll, formerly at University of Southamp-
ton) Dr Louis Le Pen, Dr Antonis Zervos and Professor William
Powrie (all of University of Southampton). The medal will be
presented during the BGA Annual Conference on 19 June
2018.

The full reference for the paper is:

Ajayi, O, Le Pen, L, Zervos, A and Powrie, W (2017). A be-
havioural framework for fibre-reinforced gravel. Géotech-
nique 67, No. 1, 56-68.

The paper discusses how random fibre reinforcement of rail-
way ballast can improve strength and ductility, and reduce
the susceptibility of ballast to the ongoing settlement that
necessitates periodic maintenance interventions. Based on a
series of triaxial tests on scaled materials, the paper develops
a behavioural framework that accounts for the additional ef-
fective confining stress in the granular matrix resulting from
the fibre tensions. It has been used to specify field trials now
in progress on London Underground. The work was supported
financially by the Engineering and Physical Sciences Research
Council and Network Rail.

The BGA Medal is awarded annually (each calendar year) by
the BGA to a paper substantially authored by a BGA member
or BGA members published in an international journal and

from BGA, ISSMGE and ISRM conferences, and submitted for
consideration of the award.

Dr Antonis Zervos CivEng/NTUA PhD/NTUA FHEA

Dr Antonis Zervos is Associate Professor in Geomechanics
within Engineering and the Environment at the University of
Southampton and Deputy Head of the Infrastructure Re-
search Group.

Antonis Zervos graduated in 1996 from the Faculty of Civil
Engineering, National Technical University of Athens, with a
5-year degree in Civil Engineering. In the same year he
joined the Doctoral Programme of NTUA’s Department of Me-
chanics, from where he obtained a PhD in 2001. His research
was sponsored by Schlumberger Cambridge Research
through a research assistantship at their Cambridge facilities
between 1996 and 2001. After obtaining his PhD he worked
as a consultant before joining the University of Southampton
in 2002.

He has served as Editorial Board member for Géotechnique
(2009-2012) and Geomechanics for Energy and the Environ-
ment (2014-2017), as Vice-chair of UK’s Association for Com-
putational Mechanics - UK-ACM, at the time called ACME
(2009-2010), and as external evaluator on behalf of the Ro-
manian National Research Council and the Hellenic Quality
Assurance and Accreditation Agency.

He is a member of the UK-ACM Executive Board, the Board
of Directors of the ALERT/Geomaterials European network of
geomechanics experts, and the EPSRC Peer Review College.
He also serves as external evaluator for the European Com-
mission’s Research Executive Agency.

In 2017 he was a co-recipient of ICE's Baker Medal for a pa-
per titled "Thermo-poro-mechanical analysis of landslides:
from creeping behaviour to catastrophic failure", published in
Geotechnique (DOI: 10.1680/jgeot.15.LM.006).

Research interests

Antonis Zervos'’s technical area of expertise is the constitu-
tive and numerical modelling of geomaterials; his work is fo-
cussed on understanding, describing mathematically and ap-
proximating numerically the mechanical behaviour of soils
and rocks. He is an experienced numerical modeller with sig-
nificant expertise in programming and using finite element
and finite difference codes, as well as using boundary ele-
ment and distinct element software

He has an active interest in the following applications:

e The mechanics of railway ballast and ballasted track.
e The mechanics of catastrophic landslides.

e The mechanics of oceanic sediments bearing gas-hy-
drates.

o Modelling the effects of material microstructure.

Finally, geomaterial modelling is an integral part of tackling
problems relevant to the production of oil and natural gas.
Mostly during his time at Schlumberger Cambridge Research,
Antonis Zervos carried out research and consultancy on pe-
troleum geomechanics, and particularly on hydraulic fractur-
ing, on the stability of inclined wellbores and perforations, on
wellbore-screen interaction, and on stress determination
around large geological structures.

https://www.southampton.ac.uk/engineer-
ing/about/staff/az.page

Tel. (023) 8059 2459

Email: A.Zervos@soton.ac.uk
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Best regards,

Yiorgos Perikleous

Senior Geotechnical Engineer
Geotechnical Design & Installation
Wind Power

Orsted

Learn more at orsted.co.uk

Nesa Allé 1

2820 Gentofte
Denmark

Tel. +45 99 55 10 96

eope@orsted.dk

orsted.co.uk

D
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—
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Danish Technical University
Department of Civil Engineering

Aoty adl po kga G@RE EEE M Bigm Zav
A@EorgEK @ . 10
http://www.geotechnics.byg.dtu.dk/re-

search/jobliste/job?id=93af7c7d-d839-4ea5-b6c6-
f4879806129c

I would be grateful if you could forward this announcement
to any good eligible candidate, who would be interested in
working with us at DTU.

Kind regards,

Varvara Zania
Associate Professor
DTU Civil Engineering

Technical University of Denmark
Department of Civil Engineering
Nordvej

Building 119, Room 163

2800 Kgs. Lyngby

Direct +45 45255092

vaza@byg.dtu.dk
http://www.geotechnics.byg.dtu.dk/
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Assistant or Associate Professor in Rock Mechanics

The Department of Civil Engineering (DTU Byg) invites appli-
cations for an Assistant/Associate Professor position in the
Section for Geotechnics and Geology.

DTU Civil Engineering is composed of six sections with the
Section for Geotechnics and Geology focusing on geotech-
nical engineering and geology including infrastructure design
and development of geological energy resources and raw ma-
terials.

We seek an established researcher within the broad field of
rock mechanics having a proven publication record and ex-
perience in collaboration with the industry.

The assistant or associate professorship is a permanent en-
try-level faculty position.

Research will be performed in the field of rock mechanics.
Ongoing projects address rock mechanics of chalk and clay-
rich chalk in the subsurface of Denmark and the North Sea,
with a focus on experimental and theoretical work. Develop-
ment of numerical models suitable for these soft rocks is an-
ticipated.

The section for Geotechnics and Geology is engaged in re-
search for infrastructure projects in Denmark, so upcoming
projects can address various topics of engineering design in
rocks such as foundation, deep excavation and tunnelling.

Responsibilities and tasks

The Department is looking for a flexible and enthusiastic can-
didate, who will take part in developing a rock mechanics re-
search platform for collaboration with civil- and petroleum
engineers, geologists and geophysicists. In particular it is ex-
pected that the successful candidate will be able to contribute
to one or more of the following fields:

e Teaching rock mechanics at basic and advanced level.
e Rock mechanics and fracture analysis.

e Coupled processes and multiscale poromechanics and
flow

e Experimental rock mechanics
e Constitutive modelling of rock formations
e Infrastructure design and analysis in rock formations

e Reservoir rock mechanics

Dissemination of research results is expected through scien-
tific publications, interdisciplinary collaborative projects at
national and international level, and services to public admin-
istrations and the industry.

Furthermore, the candidate is expected to seek and achieve
external funding.

Educational responsibilities include among other things class-
room teaching/lecturing, supervision of individual or group
projects, and supervision of M.Sc. students, Ph.D. students,
and postdocs. The educational responsibilities will to the ex-
tent possible be related to the research focus area, however
flexibility is required and it is expected that the candidate will
be able to cover and contribute to a wide spectrum of topics
within basic geotechnics on both bachelor and master level.

Please note that the expected teaching on undergraduate
level is primarily to be in Danish and on postgraduate level
(M.Sc. or PhD) it is required to be in English. For international
candidates, DTU offers Danish language courses for the pur-
pose of being able to teach in Danish within the first 2-3
years.

TA NEA THZ EEEEI'M - Ap. 115 - IOYNIOZ 2018

Administrative duties include academic assessment work on
all levels.

The candidate is expected to operate within an interdiscipli-
nary research team as well as actively collaborate with other
research groups at DTU, e.g. environmental engineering,
structural engineering, arctic engineering, or building energy.

THURSDAY 14 JUN 18

Apply for this job

Apply no later than 10 August 2018

Apply for the job at DTU Civil Eng by completing the follow-

ing form.

Apply online
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About Catalyst Recruitment
Catalyst are a New Zealand-based international sourcing spe-

cialist. We provide a seamless service if you want to move to
and work in Australia or New Zealand. We actually call you

[ |
and speak with you! Due to our extensive experience (includ-
ing personal experience — we're Brits ourselves), we can take
you through the entire process from your first enquiry to your

R arrival in Australia or New Zealand.
recruit

Move to New Zealand. Why wouldn't you?

More than 20 geotechnical civil engineering profes-
sionals required (experience requirements range from
4 - 20+ year)

When you move to a country with a more stable economy,
providing opportunities to get involved in career defining pro-
jects, whilst in the process of offering a better lifestyle, better
climate, sensational beaches, awesome ski slopes, and
simply more access to whatever you want to do in your spare
time - why wouldn't you?

Due to New Zealand's massive programme of infrastructure
projects planned over the next 10 years, positions are now
available country wide for experienced tertiary qualified civil
engineers specialised in geotechnical engineering. We are
seeking geotechnical experts with advanced design skills
(previous seismic experience ideal) complemented by excep-
tional project management and business development skills
to work in a variety of roles varying from intermediate to
senior level engineers, technical specialists, and in senior
management capacities (salaries range from £30k - £55k for
experience levels from 8 to 20 plus years).

You will work on a variety of technically challenging residen-
tial, commercial and infrastructure projects in which your
well-honed skills to solve geotechnical engineering problems
will be put to good use. To top it all you get to live in an
awesome country whose main city is ranked 3rd best quality
of life in the world with the other New Zealand cities arguably
better and cheaper. If you have 4 plus years expertise in the
field of geotechnical engineering projects in a range of soil
and rock types for highways, mining, industrial and govern-
ment clients, you may well be of considerable interest to our
clients.

The roles are positioned across the major cities in New Zea-
land: Auckland, Wellington, Christchurch, Hamilton, Tau-
ranga and Dunedin. Please email your CV to Andy Hopkins at
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ISRM

New videos of ISRM Suggested Methods on the
ISRM website

Based on the cooperation between Prof. Seokwon Jeon from
Seoul National University (South Korea) and the ISRM Com-
missions on Testing Methods and on Education, video films
on the ISRM Suggested Methods, which are made for educa-
tional purposes, have been embedded on the ISRM website.

Recently, two new videos have been included:

e Uniaxial compressive strength and deformability of rock
materials (updated version)

e Brazilian tension test

More educational videos are being prepared and will be up-
loaded soon at the Suggested Methods videos page.
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Ma TIG NaAaIOTEPEG KATAXWPNTEIG NEPICCOTEPEG NANPOPOPIES
Mnopouv va avalntnBoUv oTa nponyoUeva TeUXN TOU «Me-
p103IKoU» Kal OTIG NAPATIOEUEVEG IOTOCENIDEG.

ICOLD 2018 26 Congress - 86™ Annual Meeting, 1 - 7 July
2018, Vienna, Austria, www.icoldaustria2018.com

Geotechnical Construction of Civil Engineering & Transport
Structures of the Asian-Pacific Region, 4 <+ 7 July, 2018,
http://gccets.com

9th International Conference on Physical Modelling in Ge-
otechnics (ICPMG 2018), 17-20 July 2018, London, UK,
www.icomg2018.london

ICSSTT 2018 - 20th International Conference on Soil Stabili-
zation Techniques and Technologies, July 19 - 20, 2018, To-
ronto, Canada, https://waset.org/conference/2018/07/to-
ronto/ICSSTT

GeoChine 2018 - 5th GeoChina International Conference Civil
Infrastructures Confronting Severe Weathers and Climate
Changes: From Failure to Sustainability, July 23-25, Hang-
Zhou, China, http://geochina2018.geoconf.org

(C- 4R -0

UNSAT2018 The 7t International Conference on Unsaturat-
ed Soils, 3 - 5 August 2018, Hong Kong, China, www.un-
sat2018.org

China- Europe Conference on Geotechnical Engineering, 13-
16 August 2018, Vienna, Austria, https://china-euro-
geo.com
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International Symposium on
Seismic Performance and Design of Slopes
18 = 19-08-2018, Shanghai, P.R. China
http: e-
otec.tongji.edu.cn/show.aspx?info Ib=328&flag=190
&info id=1424

Introduction

Earthquake-induced landslides were always numerous, wide-
spread, and catastrophic. For the seismic design method of
slope, it has developed from empirical design, specification
design based on pseudo-static method, into performance
based design. However, there are still many challenges in the
seismic design of slope, such as uncertainties in the seismic

design, dynamic behaviors of soil and slopes subjected to
earthquake, improvement and innovation of seismic design
method, etc.

In order to prevent and mitigate the landslide disaster trig-
gered by earthquake, the First International Symposium on
Seismic Performance and Design of Slopes aims to bring to-
gether academic scientists, leading engineers, and students
to exchange and share their experiences and research re-
sults.

Themes

e Uncertainty sources of seismic design of slopes

e Dynamic behaviors of slope subjected to earthquake
e Performance-based seismic design method of slopes
® Prospect to the seismic design of slopes in future

e Practice of seismic design in major slope projects

Contact person: Chonggiang ZHU

Address: 1239 Siping Road, Shanghai, P.R. China

Phone: +86-21-65982384

Email: cqzhu@tongji.edu.cn; yhuang@tongji.edu.cn
Website: http://ge-

otec.tongji.edu.cn/show.aspx?info |b=328&flag=1908&info i
d=1424
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CRETE 2018 6th International Conference on Industrial &
Hazardous Waste Management, 4-7 September 2018, Cha-
nia, Crete, Greece, www.hwm-conferences.tuc.gr

o3 O
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Hydropower Development 2018

5 - 6 September 2018, Zurich, Switzerland
www.wplgroup.com/aci/event/hydropower-develop-
ment-europe

Already on its 5th edition, ACI's Hydropower Development
2018 will bring together senior executives and experts from
the hydropower industry, policy makers, consultants, tech-
nology innovators, engineers, investors, project developers
and leading market analysts to discuss the latest challenges
and developments within the industry.

The two day event will give you an insight to the industry s
latest policy evaluations and, while focusing largely on hydro
power production & development in Europe, will also concen-
trate on updates and future forecasts on future environmen-
tal & energy trends and its impact on both, Hydro power op-
erations & market dynamics.

Hydropower Development 2018 will focus on in depth insights
into the latest policy & legislation regulations, key market ap-
plications and overviews, the place of hydropower within
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larger context of the renewable energy arena & its relation-
ship with the climate change dynamics. Very important as-
pect for this year will also be the newest technology advance-
ments, particularly the digitalisation of hydropower plants.
The 2 Day event will start with an extensive analysis of cur-
rent & future European policy objectives, particularly the Wa-
ter Framework Directive, 2017 & evaluations of Natura 2000
guidance. The event will provide an in depth outlook into the
key European markets, focusing largely on environmental ob-
jectives, hydropower operations, machinery maintenance
and new built projects, production flexibility & technology in-
novations. The participants will have a chance to take an ac-
tive part in our interactive meeting to share their knowledge,
experience and uncertainties. While providing a holistic out-
look into the future of hydro power development in Europe,
the event will focus on specific operational, technological &
maintenance solutions which will allow hydro power industry
to stay competitive in the renewable energy mix as a whole.

Key Topics
e Analysing Hydropower In The Legal Context: Environ-

mental & Engineering Challenges

e Staying Competitive In Ever Changing Market Trends: An-
alysing Different National Experiences

e Expanding Hydropower Storage Solutions & Operations
Flexibility

e Increasing Asset Optimisation & Asset Efficiency In Hy-
dropower Operations

e Hydropower In The Environmental Context

e Hydropower Sustainability & The Future Of Renewable
Energy Strategy

e Exploring Key Business Opportunities & Technology Inno-
vations

e Hydropower's Economy & Investment Strategy
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EUCEET 2018 - 4th International Conference on Civil Engi-
neering Education: Challenges for the Third Millennium, 5-8
September 2018, Barcelona, Spain, http://con-
gress.cimne.com/EUCEET2018/frontal/default.asp

SAHC 2018 11th International Conference on Structural
Analysis of Historical Constructions "An interdisciplinary ap-
proach", 11-13 September 2018, Cusco, Per(r
http://sahc2018.com

26th European Young Geotechnical Engineers Conference, 11
- 14 September 2018, Reinischkogel, Austria,
www.tugraz.at/en/institutes/ibg/events/eygec

11th International Conference on Geosynthetics (11ICG), 16
- 20 Sep 2018, Seoul, South Korea, www.11icg-seoul.org

CHALK 2018 Engineering in Chalk 2018, 17-18 September
2018, London, U.K., www.chalk2018.0rg

International Conference on Geotechnical Engineering and
Architecture URBAN PLANNING BELOW THE GROUND LEVEL:
ARCHITECTURE AND GEOTECHNICS, 19-21 September
2018, Saint Petersburg, Russia, http://tc207ssi.org

International Symposium on Energy Geotechnics SEG - 2018,
25-28 September 2018, Lausanne, Switzerland
https://seg2018.epfl.ch
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1st International Conference TMM_CH
Transdisciplinary Multispectral Modelling and
Cooperation for the Preservation of Cultural
Heritage
10-13 October, Athens, Greece
www.tmm-ch2018.com

Innovative scientific methodologies and challenging projects
marking future trends in the protection of cultural heritage,
have initiated a universal conversation within a holistic ap-
proach, merging capabilities and know-how from the scien-
tific fields of architecture, civil engineering, surveying engi-
neering, materials science and engineering, information tech-
nology and archaeology, as well as heritage professionals on
restoration and conservation and policy makers in cultural
heritage. The combined utilization of digital documentation
technologies with innovative analytical and non-destructive
techniques, computational and digital techniques and archae-
ometric methods supports the creation of a transdisciplinary
multispectral modelling towards the sustainable preservation
of cultural heritage. Innovation is enhancing and revealing a
critical dimension of the preservation of cultural heritage
along with social participation and communication.

The National Technical University of Athens interdisciplinary
team “Protection of monuments” [Prof. A. Moropoulou, Prof.
Emer. M. Korres, Prof. A. Georgopoulos, Prof. C. Spyrakos,
Ass. Prof. C. Mouzakis], scientific responsible for the Holy Ae-
dicule’s rehabilitation of the Holy Sepulchre in Jerusalem, and
the Technical Chamber of Greece, in cooperation with the
Ministry of Culture and Sports and the Ministry of Digital Pol-
icy, Telecommunications and Media of the Hellenic Republic,
organize the 1st International Conference on “"TRANS-
DISCIPLINARY MULTISPECTRAL MODELLING AND CO-
OPERATION FOR THE PRESERVATION OF CULTURAL
HERITAGE” [TMM_CH] on 10-13 October 2018, in Athens,
Greece, discussing modern trends in the original agora of our
technological and democratic roots.

TMM_CH international conference is organized under the aus-
pices of H.E. the President of the Hellenic Republic, with the
support of the Hellenic Parliament, in cooperation with the
National Geographic Society, World Monuments Fund, ICO-
MOS, European Construction Technology Platform, European
Society for Engineering Education, and other major interna-
tional and European organizations, associations and net-
works in the field of cultural heritage preservation.

The conference will be held at the Eugenides Foundation, with
reference to the Digital Exhibition of Advanced Technology
“Tomb of Christ: the Monument and the Project” at the Byz-
antine and Christian Museum of Athens [21 May 2018 until
31 January 2019]. Scientific walk and talk visits to Acropolis
and Ancient Agora [in the footsteps of the Greek Peripatetic
Philosophical School] and other major archaeological sites
are planned on 13 October 2018.

The International Steering Committee and the International
Scientific Committee welcome research contributions for oral
and poster presentations in English. The submitted abstracts
and papers will be peer reviewed. Accepted papers will be
divided into sessions. Plenary lectures [after invitation] will
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cover major accomplishments, trends and technical chal-
lenges. Please check important dates for submission dead-
lines.

Selected papers will be published in a special edition of
Springer LNBIP series [available in 2018 following the Con-
ference] as well as to selected international Scientific Jour-
nals.

TOPICS

e Cultural heritage identity

e Cultural heritage revealing of values and historic repre-
sentation

e Cultural heritage management towards sustainable de-
velopment (tourism et al)

e Education and training for the preservation of cultural
heritage

e History of architecture, historic materials and structures
of cultural heritage

e Geometric documentation

o Digital, augmented (AR) and virtual (VR) documentation
of cultural heritage

e 3D reconstruction of cultural heritage

e Interdisciplinary risk assessment and preservation of cul-
tural heritage: design, materials and interventions / doc-
umentation, diagnosis, conservation, preservation, reha-
bilitation, reconstruction, restoration

e In situ advanced diagnostics and inspection by non-de-
structive techniques, robotics and unmanned aerial vehi-
cles

e Laboratory testing and methods for characterization and
validation of historic materials and structures

e Compatible and performing, repair and strengthening
materials and techniques

e Criteria, methodologies and techniques to assess sustain-
able and compatible materials and interventions tech-
niques

e Numerical modeling and structural analysis

e Seismic analysis and retrofit

e Standards, metadata, ontologies and semantic processing
in cultural heritage

e Tools for multidimensional and multidisciplinary modeling

e Monitoring of monuments’ response to environmental
stresses and of structural health

¢ Enhancing resilience of cultural heritage against climate
change and natural hazards

e Interdisciplinary knowledge based decision making

e Management of cultural heritage preservation projects
and strategies

e Interdisciplinary projects and methodologies

e Historic architectural sites and preserved monuments as
open labs of innovation and sustainable socioeconomic
development

e Transdisciplinary cooperation and innovation for the
preservation of cultural heritage

e Stakeholders’ requirements for cultural heritage preser-
vation

e Socio-economic and cultural impact of cultural heritage
preservation

e Historic cities and centers: new strategies for protection
by development and reuse

e Circular economy and innovative strategies for sustaina-
ble preservation of cultural heritage

e From research and innovation to policy for cultural herit-
age preservation

e Education and training for the preservation of cultural
heritage

e Cultural heritage preservation with social accessibility and
engagement
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HYDRO 2018 - Progress through Partnerships, 15-17 October
2018, Gdansk, Poland, www.hydropower-dams.com/hydro-
2018.php?c id=88

GEC - Global Engineering Congress Turning Knowledge into
Action, 22 - 26 October 2018, London, United Kingdom,
www.ice.org.uk/events/global-engineering-congress

ISEV 2018 CHANGSHA The 8th International Symposium
on Environmental Vibration and Transportation Geodynamics
& the 2nd Young Transportation Geotechnics Engineers Meet-
ing, October 26-28, 2018, Changsha, China,
www.isev2018.cn

8th International Congress on Environmental Geotechnics
"Towards a Sustainable Geoenvironment", 28 October to 01
November 2018, Hangzhou, China, www.iceg2018.org

ARMS10 - 10th Asian Rock Mechanics Symposium, ISRM Re-
gional Symposium, 29 October - 3 November 2018, Singa-
pore, www.arms10.0rg

UNSAT Oran 2018 4éme Colloque International Sols Non Sa-
turés & Construction Durable, 30-31 October 2018, Oran, Al-
geria, www.unsat-dz.org

Energy and Geotechnics The First Vietham Symposium on
Advances in Offshore Engineering, 1-3 November 2018, Ha-
noi, Vietnam, https://vsoe2018.sciencesconf.org

ACUUS 2018 16th World Conference of Associated Research
Centers for the Urban Underground Space “Integrated Un-
derground Solutions for Compact Metropolitan Cities”, 5 - 7
November 2018, Hong Kong, China, www.acuus2018.hk
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ISRBT2018

International Seminar on Roads, Bridges and
Tunnels
Challenges and Innovation
9-15 November 2018, Thessaloniki, Greece
http://isrbt.civil.auth.gr

SEMINAR SCOPE AND LAYOUT

The School of Civil Engineering of the Aristotle University of
Thessaloniki will organize an International Educational Sem-
inar on Roads, Bridges and Tunnels, the ISRBT2018, in Salo-
nica, in November 2018. This will be the 3rd Seminar of the
kind, after the ISRBT2016, and ISRBT2017, gathering 120
participants and 30 invited speakers from 10 European coun-
tries. The 3rd International Seminar on Roads, Bridges and
Tunnels, fully renovated, will address practical aspects of de-
sign, construction and management, aiming, especially, to
enlighten the applied part of the engineering know-how, use-
ful to professionals of international prospects. The 3rd ISRBT
will consist of three 2-day Sessions, 9-10 November Bridges,
12-13 November Roads and Motorways, 14-15 November
Geotechnics and Tunnels.

THE ISRBT2018 SEMINAR TOPICS

ISRBT Topics/Lectures will address the following subjects:
Construction management of motorway projects
Motorway concession projects

Motorway construction projects in international context
Road earthworks and environment
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e Landslides and stabilization measures

e Construction methods for bridges

e Suspended bridges

e Motorway operations

¢ NATM tunnelling method for motorways

e Metro Tunnelling

¢ Traffic safety and ITS Systems on motorways
e Interchanges

THE SEMINAR IS ADDRESSED TO:

Construction Engineers and Designers, Motorway Operators
and Contractors, Geotechnical and Bridge Engineers.

LINKS TO EMPLOYMENT

The 3rd ISRBT aims to establish real links between young
engineers and companies active in the field of services, con-
struction products, entrepreneurship and innovation in engi-
neering.

CONTACT

For any further information please visit our website:
http://isrbt.civil.auth.gr or contact us by email at
isrbt@civil.auth.gr

Secretariat: Mrs. D. Gatoula, tel. +30 2310 994385
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International Symposium Rock Slope Stability 2018, 13-15
November, 2018, Chambéty, France, www.c2rop.fr/sympo-
sium-rss-2018

GeoMEast 2018 International Congress and Exhibition:
Sustainable Civil Infrastructures, 24 - 28 November
2018, Cairo, Egypt, www.geomeast.org

3

The Fourth Australasian
Ground Control in Mining Conference
28-30 November 2018, Sydney, Australia

http://ausrock.ausimm.com

The conference will provide an update to all mining industry
geotechnical personnel on best practice in both Australasia
and overseas.

AusRock 2018 provides a vehicle for information exchange
between the coal and metalliferous sectors of the industry
with a focus on new technologies and developments, industry
needs and mine site problem solving, and practical case stud-
ies.

AusRock 2018 is an ISRM Specialised Conference.
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Conference themes

e Ground support - tendon systems, surface liners, injec-
tion systems in open cut and underground mining

Alternative materials in ground control

Geotechnical instrumentation, monitoring and data man-
agement

Mine design — geotechnical considerations
Geotechnical design methodologies

Geomechanics of multiseam, multireef and complex ore-
bodies

Geotechnical challenges in extreme mining environments
Backfill technologies

Pillar design and performance

Rock mass characterisation techniques and practice
Regional stability

Slope stability

Geotechnical risk management

Best practice case studies

New challenges and innovations in ground control
Numerical modelling in design

Mine subsidence - prediction and control

Caving mechanics and control

Dynamic mining events and managing large deformations
Geotechnical education and training

Contact Us

The Australasian Institute of Mining and Metallurgy
Ground Floor

204 Lygon Street

Carlton South

Victoria 3053 Australia

Telephone: +61 3 9658 6100

o3 O

Second JTC1 Workshop on Triggering and
Propagation of Rapid Flow-Like Landslides
03-05 December 2018, Hong Kong

Organiser: Joint Technical Committee on Natural Slopes and
Landslides (JTC1)

Co-organiser: The Hong Kong Geotechnical Society; The Ge-
otechnical Division of the Hong Kong Institution of Engineers;
The Hong Kong University of Science and Technology

Contact person:

Professor Clarence Choi

Hong Kong University of Science and Technology, Clear Way
Bay, Kowloon

Email: ceclarence@ust.hk

o3 O
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13" Australia New Zealand
Conference on Geomechanics

Perth Convention & Exhibition
1-3 April, 2019

13th Australia New Zealand Conference on
Geomechanics 2019
01 + 03-04-2019, Perth, Australia
http: eomechanics2019.com.au

On behalf of the Australian Geomechanics Society, the New
Zealand Geotechnical Society and the Conference Organising
Committee it is my pleasure to invite you to the 13th Aus-
tralia New Zealand Conference on Geomechanics in
2019 in Perth, Western Australia.

The conference will be held at the Perth Convention and Ex-
hibition Centre situated in the heart of Perth in Western Aus-
tralia. The conference has a diverse range of themes includ-
ing: Foundations and Retaining Structure, Ground Improve-
ment, Offshore and Nearshore Geotechnics plus many more.

This promises to be an ideal forum for exploring the recent
learnings in the broader Geomechanics community. It is from
these learnings that the industry is able to continue to drive
new innovations and drive practice forward.

The Australia New Zealand Conference on Geomechanics is
always an important meeting place for professionals working
in the Geomechanics industry and will again be a great place
to explore the new directions emerging in the industry. It is
an opportunity to engage with speakers from across Aus-
tralia, meet up with colleagues, network and visit the exhib-
itor displays.

Conference Managers

Arinex Pty Ltd

ABN.28 000 386 676

3/110 Mounts Bay Road

Perth, Western Australia 6000

Tel: 08 9486 2000

Fax: 08 9267 5443
ANZgeomechanics2019@arinex.com.au

(C- 4RO

Water Storage and Hydropower Development
for Africa
2-4 April 2019, Windhoek, Namibia
www.hydropower-dams.com/pdfs/africal9.pdf

AFRICA 2019 will be the third international conference focus-
ing on water storage and renewable energy development in
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Africa, co-hosted by Aqua~Media International and the In-
ternational Commission on Large Dams.

Conference Themes

Planning and development

Review of plans and progress in Southern Africa

Plans and current schemes throughout the continent
Small hydro projects and rural electrification

Powerpools and cross-border opportunities

The value of integrated regional development

Project preparation; making projects bankable

Tools for project assessment and design

Appropriate project planning and benefit sharing

Grid operation: national and integrated regional systems

Hydrology and flood and drought management

e Hydrology: drought mitigation and management

e Implications of climate change

e Water infrastructure and flood discharge works (innova-
tion, efficiency, safety and economy)

e Sedimentation: planning and design approaches

e Innovative spillway design

Civil works and challenging conditions

e Site planning for safety and efficiency

e Construction management

e Materials for dams: past experience and future develop-
ments

e Selecting appropriate construction equipment

e Seismic design and tackling complex geology

e Innovative solutions in design and construction

Hydro technology

e Appropriate low cost solutions for remote communities
Site planning: economy and efficiency in equipment se-
lection; workforce training; health and safety aspects
Technology: towards safe and economic schemes

Hydro machinery for challenging conditions

Maintenance and timely refurbishment

Hydro in synergy with other renewable energy sources
Optimizing operation of powerplants

Pumped storage: technology, role in the grid and benefits

Environmental and social aspects

e Impact assessment: methodology and experience

e Mitigation measures for downstream environmental and
social impacts

e Facilitating communications with project affected people

e Capacity building and training for best practice

Finance, economics and commercial aspects

e Securing project finance for water and energy infrastruc-
ture

e Chinese funding and investment opportunities

e Legal and contractual issues

e Carbon credits, carbon trading and income diversification

Safety

e Approaches to complex geology and design for seismic
areas

e Learning from international accidents and failures

e Upgrading civil works and powerplants to enhance safety

e Health and safety of the workforce on site

In addition to plenary and parallel sessions exploring the
themes above, there will be workshops, panel discussions
and training workshops, including some pre-Conference side
events.

Contact

Mrs Margaret Bourke, Conference Project Manager: af-
rica2019@hydropower-dams.com
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Aqua~Media International Ltd,

PO Box 285, Wallington, Surrey SM6 6AN, UK.
Tel: +44 20 8773 7244,

Fax: +44 20 8773 7255
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lICTG 2019

April 23-25
Beijing, China

2nd International Intelligent Construction
Technologies Group Conference
“Innovate for Growth, Collaborate for Win-Win”
23-04-2019 - 25-04-2019, Beijing, China
www.iictg.org/2019-conference

The second IICTG conference will be held in Beijing, China
from April 23 to 25, 2019.

The goal of this conference is to optimize the resources from
relevant fields and to facilitate communication among ICT ex-
perts and professionals for further innovation, development,
and mutual benefits.

IICTG encourages you to share the latest-&-pertinent topics
in presentation form on the following topics:

e Framework and Contents for Intelligent Infrastructure
Construction

e Intelligent Compaction Theory and Engineering Applica-
tion
e Research and Development for Mechanical and Com-

pacted Materials (soils, base, and asphalt) Interaction
Models

e Intelligent Construction Equipment and Infrastructure
Construction QC

e Development Trend for Compaction Equipment
e Intelligent Testing Techniques for Infrastructure
e Artificial Intelligence and Intelligent Construction

e Application of Building Information Modeling (BIM) in
roadway subbase, roadway surface, airport pavements,
and dam construction

e Information Technologies for Infrastructure Construction
and Intelligent Data Management

e Impact of Intelligent Construction Demand on Innovation
and Upgrades of Construction Technologies and Equip-
ment

e Other Aspects of Infrastructure Construction

Contact person: George Chang (President of IICTG)
Address: 6111 Balcones drive

Phone: 5124516233

Email: gkchang@TheTranstecGroup.com

Website: http://www.iictg.org/2019-conference
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WTC2019 Tunnels and Underground Cities: Engineering and
Innovation meet Archaeology, Architecture and Art
and ITA - AITES General Assembly and World Tunnel Con-
gress, 3-9 May 2019, Naples, Italy, www.wtc2019.com

2019 Rock Dynamics Summit in Okinawa, 7-11 May 2019,
Okinawa, Japan, www.2019rds.org

Underground Construction Prague 2019, June 3-5, 2019,
Prague, Czech Republic, www.ucprague.com

VII ICEGE ROMA 2019 - International Conference on
Earthquake Geotechnical Engineering, 17 - 20 June 2019,
Rome, Italy, www.7icege.com

ICONHIC2019 - 2nd International Conference on Natural
Hazards and Infrastructure, 23-26 June 2019, Chania, Crete
Island, Greece, https://iconhic.com/2019/conference

IS-GLASGOW 2019 - 7th International Symposium on Defor-
mation Characteristics of Geomaterials, 26 - 28 June 2019,
Glasgow, Scotland, UK, https://is-glasgow2019.0org.uk

cmn 2019 -Congress on Numerical Methods in Engineering,
July 1 - 3, 2019, Guimaraes, Portugal, www.cmn2019.pt

The 17th European Conference on Soil Mechanics and Ge-
otechnical Engineering, 1%t - 6™ September 2019, Reykjavik
Iceland, www.ecsmge-2019.com
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NOVEMBER 2019
ZIELONA GARA

e

~ 3R° INTERNATIONAL CONFERENCE
UNIVERSITY OF ZIELONA GORA

3rd International Conference
“Challenges in Geotechnical Engineering” CGE-2019
10-09-2019 - 13-09-2019, Zielona Gora, Poland
www.cgeconf.com

University of Zielona Gora (Poland) and Kyiv National Univer-
sity of Construction and Architecture (Ukraine) under the Pat-
ronage of Polish Committee on Geotechnics takes a great
pleasure to invite participants to the Third International Con-
ference "Challenges in Geotechnical Engineering" CGE-2019,
which will take place in Zielona Gora (Poland), 10-13 Sep-
tember 2019..

The conference program includes the following topics:

Laboratory and in-situ tests

Theoretical and analytical solutions in geomechanics
Numerical formulations of geotechnical problems
Geotechnical practice and case study
Transportation geotechnics

Geological and glacitectonic problems

Special session "Pile tests - 2019"

A special conference session "Pile tests - 2019" is devoted to
pile foundation - soil interaction. Organisers invite partici-
pants to a competition to predict the behaviour of a soil - pile
foundation system under static vertical load. The submitted
solutions will be compared against results obtained in an in-
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situ real-scale test and in a laboratory small-scale test con-
ducted before the Conference. The soil investigation results,
the geometry of the problem and the loads will be available
on the conference web page.

Contact person: Co-Chairmen of the Organising Committee:
Volodymyr Sakharov, Waldemar Szajna

Address: 1, Prof. Zygmunta Szafrana Str.

Fax: +48 (68) 328 47 23

Email: info@cgeconf.com

Website: http://www.cgeconf.com

o3 D

14th ISRM International Congress, 13-18 September 2019,
Iguassu Falls, Brazil, www.isrm2019.com

3

YICITG

3rd International Conference
on Information Technology in Geo-Engineering
Sep. 29-02 Oct., 2019, Guimaraes, Portugal
www.3rd-icitg2019.civil.uminho.pt

The 3rd International Conference on Information Technology
in Geo-Engineering (3rd ICITG) is organised in the framework
of the activities of the Joint Technical Committee 2 (JTC2) on
Representation of Geo-Engineering Data of the Federation of
International Geo-Engineering Societies (FedIGS). FedIGS, is
an umbrella organization linking international professional
societies in the field of “Geo-Engineering”: ISSMGE Interna-
tional Society for Soil Mechanics and Geotechnical Engineer-
ing, ISRM International Society for Rock Mechanics and Rock
Engineering, IAEG International Association for Engineering
Geology and the Environment, IGS International Geosynthet-
ics Society.

This conference aims to address the most updated develop-
ments in information communication and technologies in
geo-engineering. It covers the application to laboratory and
field tests, as well as the monitoring and survey of geo-struc-
tures. It embraces also intelligent geomaterials, intelligent
construction and all the related aspects with design, con-
struction and maintenance of geo-structures.

The main themes of the conference include:

Data exchange (including ownership/legal aspects)

Use of Information and communications technologies
(ICT) in laboratory and field works

Big data and databases

Data mining and data science

Imaging technologies

Building information modeling (BIM) applied to geo-struc-
tures

7. Artificial intelligence

8. Intelligent constructions

9. Optimization systems

10. Virtual reality and augmented reality

11.Intelligent geo-synthetics and health systems
12.Sensors and monitoring

13. Asset management

N =
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14. Case studies in design, constructions and maintenance
Secretariat Contact

For additional information, please contact the secretariat of
the conference:

3rd ICITG Secretariat

University of Minho

Civil Engineering Department

School of Engineering, Institute for Sustainability and Inno-
vation in Structural Engineering

Campus Azurém

4800-058 Guimardes - PORTUGAL

Tel.: (+ 351) 253 510 750

Fax: (+ 351) 253 510 217

Email: 3rd-icitg2019@civil.uminho.pt

Website: http://civil.uminho.pt/3rd-ICITG2019
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www.eurcold2019.com

European Club

11t ICOLD European Club Symposium
2 - 4 October 2019, Chania Crete - Greece
www.eurcold2019.com

The Greek Committee on Large Dams (GCOLD) would like to
invite you to participate in the 11t ICOLD European Club
Symposium to be held from the 2" to 4t" of October 2019
on the island of Crete, Greece. The theme of the Symposium
is “The future of Dams (in Europe): Prospects and Chal-
lenges in a changing Environment”. The Symposium is
under the auspices of ICOLD and has the support, among
others, of the Greek Ministry of Infrastructure, the Region of
Crete and the Organization for the Development of Crete.

The Greek Committee on Large Dams (GCOLD) was formed
in 1964 and immediately joined the International Commis-
sion on Large Dams (ICOLD). It became a member of the
European Club of ICOLD in 2010 and is actively participating
ever since.

Dam construction in Greece followed the country’s develop-
ment and large projects were constructed in the last 50 years
for hydropower, water supply, irrigation and flood protection.
A boom in dam construction occurred in the last 20 years.
Many dam types were built to adjust to the complicated ge-
ological environment, the availability of construction materi-
als and the high seismicity of the region. Dam design and
construction is still strong in Greece.

Recently a National Dam Safety Regulation (DSR) was estab-
lished together with a Dam Management Authority, respon-
sible for overseeing the application of the DSR.

The Symposium will cover a wide range of topics including
Advances in Dam Engineering, Dam Safety and Risk Manage-
ment, Social impact and awareness, Successes and problems
in implementing the European Water Framework Directive
and relevant Guidelines and Dam and Reservoir Management
in the changing European Environment.
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The island of Crete, situated between the Aegean and the
Libyan Sea, has been a cross road of ancient civilizations.
This has left a rich inheritance of ancient monuments and
artifacts of unparalleled beauty. Modern Crete, one of the
wealthiest parts of Greece, has built a number of large dams
for irrigation, water supply, flood protection and hydro
power. Having a substantial infrastructure for conferences
and a magnificent natural coastal and mountainous environ-
ment, it is an ideal place to combine a successful EuroCOLD
Symposium with field trips and recreational activities. Crete
in early October is warm enough for enjoying the outdoors
and the beaches.

We would like to extend the invitation for participation to the
members of EuroCOLD as well as to all ICOLD members. We
are expecting you all to come to Crete for a fruitful, memo-
rable and enjoyable 11th ICOLD European Club Symposium.

Symposium Topics

Topic A: Dam Safety and Risk Management. Social impact
and awareness

Topic B: Dams and reservoirs in a climate change perspec-
tive

Topic C: Successes and problems in implementing the Euro-
pean Water Framework Directive and relevant
Guidelines

Topic D: Managing infrastructure
Topic E: Advances in dam engineering

Topic F: The future of Dams in a changing EU Environment

A special lecture will be delivered on all the topics of the Sym-
posium by Experts on the relevant fields.

International Seminar

A two-days Seminar on FLOOD MANAGEMENT, SPILLWAY
DESIGN AND PUBLIC SAFETY will be held just before the
Symposium, on Monday 30/9/2018 and Tuesday 1/10/2018,

Congress Secretariat:

Professional Congress Organizer
Global Events

E: athens@globalevents.gr
www.globalevents.gr
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XVII African Regional Conference on
Soil Mechanics and Geotechnical Engineering
07-10 October 2019, Cape Town, South Africa

The South African Institution of Civil Engineering cordially in-
vites all our colleagues from Africa and beyond to attend the
17th African Regional Conference on Soil Mechanics and Ge-
otechnical Engineering.

Hosted in one of the continent's most iconic cities, this con-
ference will serve practitioners, academics and students of all
geotechnical backgrounds. The conference will take place at
the Cape Town International Convention Centre (CTICC) of-
fering world class conferencing facilities in the heart of South
Africa's mother city and will offer extensive opportunities for
Technical Committee Meetings, Workshops, Seminars, Exhi-
bitions and Sponsorships. Exciting Technical Visits, including
tours to the famous Robben Island, await.

The 7th African Young Geotechnical Engineers' Conference (8
- 10 October 2019) will commence on 8 October 2019, the
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day following the African Regional Conference (ARC) opening.
The conference venue will be shared with the ARC delegates
to initiate dialogue between junior and senior engineers while
young geotechnical engineers acquaint themselves with the
industry standards, new geotechnical developments and re-
sources available to further their careers. The YGE conference
provides an approachable audience within a vibrant environ-
ment where young presenters under the age of 35 are en-
couraged to exercise their presentation and technical writing
skills on a continental platform.

Organiser: SAICE
Contact person: Dr Denis Kalumba
Email: denis.kalumba@uct.ac.za

(C- 4R -0

XVI Asian Regional Conference on Soil Mechanics and Ge-
otechnical Engineering, 21 - 25 October 2019, Taipei, China
www.16arc.org

XVI Panamerican Conference on Soil Mechanics and Geotech-
nical Engineering, 18-22 November 2019, Cancun, Quintana
Roo, Mexico, http://panamerican2019mex-
ico.com/panamerican

3 D

YSRM2019 - the 5th ISRM Young Scholars’
Symposium on Rock Mechanics
and
REIF2019 - International Symposium on Rock
Engineering for Innovative Future
1-4 December 2019, Okinawa, Japan

Contact Person: Prof. Norikazu Shimizu, jsrm-office@rock-
net-japan.org

O3 D

14th Baltic Sea Geotechnical Conference 2020
25 + 27 May 2020, Helsinki, Finland

Organiser: Finnish Geotechnical Society

Contact person: Leena Korkiala-Tanttu

Email: leena.korkiala-tanttu@aalto.fi

Website: http://www.ril.fi/en/events/bsgc-2020.html
Email: ville.raassakka@ril.fi

o3 D

Nordic Geotechnical Meeting
27-29 May 2020, Helsinki, Finland

Contact person: Prof. Leena Korkiala-Tanttu

TA NEA THZ EEEEI'M - Ap. 115 - IOYNIOZ 2018

Address: SGY-Finnish Geotechnical Society,
Phone: +358-(0)50 312 4775
Email: leena.korkiala-tanttu@aalto.fi

(C2 8.0

EUROCK 2020
Hard Rock Excavation and Support
June 2020, Trondheim, Norway

Contact Person: Henki @degaard, henki.oedegaard@multi-
consult.no

(G- R0

Geotechnical Aspects of
Underground Construction in Soft Ground
29 June to 01 July 2020, Cambridge, United Kingdom

Organiser: University of Cambridge

Contact person: Dr Mohammed Elshafie

Address: Laing O'Rourke Centre, Department of Engineer-
ing, Cambridge University

Phone: +44(0) 1223 332780

Email: me254@cam.ac.uk

O3 D

16th International Conference of the Interna-
tional Association for Computer Methods and
Advances in Geomechanics - IACMAG
29-06-2020 = 03-07-2020, Torino, Italy

Contact Information

Contact person: Symposium srl

Address: via Gozzano 14

Phone: +390119211467

Email: info@symposium.it, marco.barla@polito.it

O3 D
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www.eurogeo?.org

We are pleased to invite you to the 7th EuroGeo conference,
to be held in Warsaw, Poland in 2020. Poland is a country
with more than a thousand years of recorded history and has
a strong European identity. The country was first to free itself
from communist domination in 1989 and is now fully demo-
cratic and a member of the European Union. Poland is a
leader in infrastructure development in the region, which has
resulted in many extraordinary projects. Warsaw, with its
central location, is an ideal base for exploring the country.
Today, the city is a dynamic cultural and business centre,
with strong links not only to Western Europe but also to the
East. PSG-IGS, a Polish Chapter of IGS is young but thriving
organization successfully cooperating with several chapters
within Central Europe. It is an honour to host such a prestig-
ious conference in Warsaw and we sincerely believe that the
sessions will prove to be a success. Come to Warsaw, bring
your family and enjoy your stay in our capital and help us to
make this Conference not only scientifically profitable but
also an unforgettable event.

Contact: eurogeoZinpoland@gmail.com

3

6th International Conference on Geotechnical
and Geophysical Site Characterization
07-09-2020 + 11-09-2020, Budapest, Hungary
www.isc6-budapest.com

Organizer: Hungarian Geotechnical Society
Contact person: Tamas Huszak

Address: Muegyetem rkp. 3.

Phone: 0036303239406

Email: huszak@mail.bme.hu

Website: http://www.isc6-budapest.com
Email: info@isc6-budapest.com

O3 D

5™ World Landslide Forum Implementation and Monitoring
the USDR-ICL Sendai Partnerships 2015-2015, 2-6 Novem-
ber 2020, Kyoto, Japan, http://wlf5.iplhg.org

TA NEA TH> EEEM - Ap 115 - DINDz2018 p- 1] 34


http://www.eurogeo7.org/
mailto:eurogeo7inpoland@gmail.com
http://www.isc6-budapest.com/
mailto:huszak@mail.bme.hu
http://www.isc6-budapest.com/
mailto:info@isc6-budapest.com
http://wlf5.iplhq.org/

ENAIAG®EPONTA -
2EI2MOI

Summer Could Trigger Major Earthquakes (It's
Not Why You Think)

An earthquake causes the ground to rupture in a vineyard
near Buhman Road, Napa Valley, California, on Aug. 24,
2014.

On Aug. 24, 2014, an earthquake ripped through Northern
California's Napa-Sonoma Valley. It was the largest in the
San Francisco Bay Area in 25 years, leaving two dead and
hundreds injured and causing damage that cost half a billion
dollars.

When Meredith Kraner, a geophysicist from the University of
Nevada, examined seismic recordings from the region around
the quake, "we found this really interesting signature in the
data," she told Live Science: a telltale pattern of expansion
and contraction in the Earth's crust. Now in a study that de-
scribes this finding in the Journal of Geophysical Research,
Kraner and her colleagues also explore whether seasonal
fluctuations in local aquifers might explain that cycle of ex-
pansion and contraction, a phenomenon that could have trig-
gered the earthquake itself.

Earthquakes occur when Earth’s slow-moving tectonic plates
suddenly slip against one another, usually due to a build up
of stress that destabilizes the two. "It's just like breaking a
stick," Kraner said. "If you pull on it and pull on it, it'll reach
breaking point eventually."

But the fluctuations in the Earth's crust that Kraner observed
suggested that there may have been an added seasonal ele-
ment that triggered this process. She identified this pattern
by collecting data from Earthscope, a vast network of high-
precision GPS sensors spread across the earthquake-prone
western United States. Since 2005, these sensors have been
recording millimeter-scale shifts in the Earth's crust, building
up a huge and detailed data set. Using this information,
Kraner was able to precisely map out the expansion and con-
traction in the crust around the earthquake zone.

"The crust is in extension during the late summer, and it's in
contraction during the winter. You see that happening every
single year in that location," Kraner said. "Our theory is that
this seasonal component provided the final straw to this
earthquake occurring," Kraner told Live Science.

But what was behind this unusual seasonal cycle, and how
might it be linked to the quake? After the team ruled out
several other factors, "the only thing we could think of it be-
ing related to was some sort of local aquifer system," Kraner
said.

To test that idea, Kraner used satellite data of the Napa-
Sonoma Valley, which revealed noticeable seasonal changes
in the ground elevation over the areas where aquifer basins
exist.

It's known that increases and declines in groundwater levels
can cause the elevation at the Earth's surface to rise and fall.
Kraner didn't measure the water quantity in these basins, but
she surmised that if groundwater levels do recede in summer
due to low water availability, that would cause the land above
to subside. As this happens, it would pull on the crust, con-
tracting it horizontally and "stretching" or "extending" the
land surrounding the aquifer.

By this logic, if aquifer basins on either side of the fault line
did recede, this would also cause the land to contract hori-
zontally on either side of the fault. (Indeed, the GPS record-
ings in Kraner’s data showed a 3 millimeter spread across the
landscape in summer.) Like loosening a clamp, that would
release the stabilizing pressure on the fault, making it easier
for plates to slide against each other and trigger an earth-
quake, Kraner explained: “The earthquake occurred in this
expansional/extensional region between these two aquifers.”

Does that mean that human-driven depletion of aquifers can
set this process in motion and cause earthquakes? Kraner
cautioned that the study can't answer this question. Even so,
the region is characterized by water-guzzling vineyards that
could lead to the contraction of Earth's surface in the area.

"On top of [the aquifers], you do have California wineries.
They are pumping a lot of water. We don't know how much,"
Kraner said. And that dependence on groundwater could in-
crease during the dry summer months and during drought.
But Kraner was quick to note that her study didn't measure
water volume or pumping rates around the time of the quake.

Groundwater levels also fluctuate naturally, driven by rains,
evaporation and other natural phenomena, she said.

But as the first study to identify this localized pattern of ex-
pansion and contraction in the Earth's crust, Kraner's re-
search does crucially reveal that seasonal stress may be one
of many factors helping to trigger earthquakes. Understand-
ing this seasonal element might one day help scientists cre-
ate richer and more-accurate forecasts for these phenomena,
she said.

"You're adding time dependence to earthquake forecasting,"
Kraner said. "This is important for understanding how earth-
quakes are triggered."

(Emma Bryce, Live Science Contributor / SCIENCE,
June 22, 2018, https://www.livescience.com/62890-
groundwater-levels-major-earth-

quakes.html?utm source=Is-newsletter&utm me-
dium=email&utm campaign=20180622-Is)
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Scientists Now Monitor Volcanic Eruptions
through Volcano Music

There might still be hope for the early detection and preven-
tion of volcanic eruptions. Volcano music can help scientists
monitor eruptions.

Agencia de Noticias ANDES/Flickr

A group of researchers from Instituto Geofisico revealed that
they might be able to monitor volcanic eruptions with the
help of the music or infrasound recordings from the Cotopaxi
Volcano that is present in Central Ecuador. This new study
revealed that Cotopaxi produces very unique sounds that sci-
entists could potentially use in order to monitor the volcano
and all its hazards.

Facts state that a volcanic eruption in 2015 caused the vol-
cano’s craters to change its shape to a deep cylindrical form.
This crater creates sound waves when the forced air rever-
berates against its walls, causing the volcano to rumble.

The sound resembles that of a pipe organ as pressurized air
is forcefully moved through metal pipes.

Jeff Johnson, a Volcanologist at the Boise State University in
Idaho who is also the lead author of this study says, “It's the
largest organ pipe you've ever come across.” He adds, “Un-
derstanding how each volcano speaks is vital to understand-
ing what's going on. Once you realize how a volcano sounds,
if there are changes to that sound, that leads us to think there
are changes going on in the crater, and that causes us to pay
attention."

The new findings reveal that the sounds of the volcano are
significantly influenced by the geometry of the volcano’s
crater. They deduced that a thorough understanding of the
“voiceprint” of each volcano could substantially aid scientists
in monitoring these natural hazards in a better way.

Furthermore, they can also be lifesavers in alerting scientists
to all the changes that are happening inside the volcano in
addition to signaling any or all impending eruptions. Johnson
is of the opinion that the eruption of Kilauea in Hawaii that is
still ongoing could be a potential proving ground to study and
understand the impact of the sounds of a crater to the
changes in its shape.

Listening to the infrasound of Kilauea could help scientists in
monitoring the depth of the Magma from afar in addition to
being able to forecast all the potential eruption hazards
caused by the volcano.

David Fee, a volcanologist at the University of Alaska Fair-
banks, who is not associated with this new study says, “It's
really important for scientists to know how deep crater is, if
the magma level is at the same depth and if it's interacting
with the water table, which can create a significant hazard.”

It is interesting to note that Cotopaxi was dormant for the
majority of the 20th century, although it erupted a number
of times in August 2015. These massive eruptions were pre-
dicted to melt the immense snowcap of Cotopaxi, which could
even trigger massive mudflows and floods, destroying the
nearby towns and cities.

This is when the Ecuadorian researchers noticed the strange
sounds coming out of the crater and deduced that these dra-
matic reverberations that were coming from the volcano
could potentially be the ticket to avoiding further eruptions
and related hazards.

In Johnson’s own words, "It's like opening a bar door that
goes back and forth for a minute and a half. It's a beautiful
signal and amazing that the natural world is able to produce
this type of oscillation."

(Kashyap Vyas / INTERESTING ENGINEERING, June, 17th
2018, https://interestingengineering.com/scientists-now-
monitor-volcanic-eruptions-through-volcano-mu-

sic? source=newsletter& campaign=4o0b-

gxxgE2D3Qn& uid=9wdL9JEwej& h=9480fc0933eb231a05
75¢c535417bef075ed6e805&utm source=newslet-

ter&utm medium=mailing&utm campaign=Newsletter-17-
06-2018)

Infrasound Tornillos Produced by Volcan Coto-
paxi's Deep Crater

J. B. Johnson, M. C. Ruiz, H. D. Ortiz, L. M. Watson, G.
Viracucha, P. Ramon, M. Almeida

Abstract

We characterize and interpret a new type of infrasound signal
originating from the summit of Volcan Cotopaxi (Ecuador)
that was primarily observed between September 2015 and
March 2016, following the 2015 eruptive period. This infra-
sound waveform is a slowly decaying sinusoid with excep-
tional low-frequency (f, = 0.2 Hz) and high quality factor
(Q = ~10) and resembles the shape of tornillo seismic wave-
forms. The repeating events, occurring about once per day in
early 2016, are stable in frequency content, and we attribute
them to excitation of a vertical-walled crater, with radius of
about 125 m and length of 300 m. Spectral properties of the
tornillo permit constraints on crater sound speed
(335 m/s £ 6%) and temperature (4-32°C). The initial po-
larity of the tornillos is predominantly a rarefaction and could
reflect repeating crater bottom collapse events (implosions)
or explosion sources whose infrasound is heavily modulated
by the crater's pipe-like geometry.

Plain Language Summary

Active volcanoes produce intense infrasound, or low-fre-
quency sounds below 20 Hz, which may be recorded with
specialized microphones many kilometers from a volcanic
crater. An objective of volcano infrasound research is to infer
volcano source processes, such as explosions, and the mod-
ulating influences of topographic effects and atmospheric
transmission. This study reports on a novel type of signal
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recorded at Cotopaxi Volcano (in Ecuador) where the infra-
sound possesses a remarkably low frequency and reverber-
ates for many tens of seconds. We attribute the form of these
infrasound events to the geometry of Cotopaxi's crater, which
is a deep, steep-walled cylinder about 300-m deep and with
a diameter of approximately 125 m and acts like a gigantic
pipe resonator.

(Geophysical Research Letters, First published 13 June 2018
https://doi.org/10.1029/2018GL077766,
https://agupubs.onlineli-
brary.wiley.com/doi/abs/10.1029/2018GL077766)

3 D

Antarctica Is Getting Taller, and Here's Why

In an illustration of the Amundsen Sea Embayment in West

Antarctica, a cutaway reveals the bedrock below the ice, as

well as Earth's crust (brown layer), the bottom of the litho-
sphere (red area) and the mantle (yellow) underneath.

Bedrock under Antarctica is rising more swiftly than ever rec-
orded — about 1.6 inches (41 millimeters) upward per year.
And thinning ice in Antarctica may be responsible.

That's because as ice melts, its weight on the rock below
lightens. And over time, when enormous quantities of ice
have disappeared, the bedrock rises in response, pushed up
by the flow of the viscous mantle below Earth's surface, sci-
entists reported in a new study.

These uplifting findings are both bad news and good news for
the frozen continent.

The good news is that the uplift of supporting bedrock could
make the remaining ice sheets more stable. The bad news is
that in recent years, the rising earth has probably skewed
satellite measurements of ice loss, leading researchers to un-
derestimate the rate of vanishing ice by as much as 10 per-
cent, the scientists reported.

An incomplete picture

Interplay between bedrock and mantle in Antarctica is just
one of the many geologic processes that happen all over our
dynamic planet. Under Earth's crust cover, the molten man-
tle extends over 1,796 miles (2,890 kilometers) down to
Earth's core. Mantle movement is known to ripple up and af-

fect the crust's tectonic plates, as these plates ride convec-
tion currents in the mantle's outermost part, known as the
lithosphere.

But while computer models give scientists an idea of how the
mantle behaves, the picture is incomplete, lead study author
Valentina Barletta, a postdoctoral researcher at DTU Space,
the National Space Institute at the Technical University of
Denmark, told Live Science.

"The study of this — the distribution of viscosity in the mantle
— is still in its infancy," Barletta said. "We know where the
Earth is hotter and cooler — more or less. However, the vis-
cosity of the mantle depends not just on temperature, but
also on water content." Estimating the temperature of the
mantle in a given area could therefore give an inaccurate
view of how fast-moving it is — a cooler patch with high wa-
ter content could be just as viscous as a hotter zone that
contained less water, Barletta explained.

Dramatic changes such as those that the researchers ob-
served in Antarctica's bedrock — nudged upward by the man-
tle below — were thought to happen over thousands, or even
tens of thousands, of years. Their new findings show that this
shift in response to vanishing ice can take place much more
rapidly, over centuries or decades. This suggests that the
mantle under Antarctica, which is lifting the bedrock upward,
may be more fluid, flowing more quickly than previously sus-
pected, the study authors reported.

Measuring rebound

Antarctica's bedrock is difficult to study because most of it is
covered by thick layers of ice; the continent's ice sheet cover
holds about 90 percent of all the ice on Earth, containing
enough water to elevate sea levels worldwide by about 200
feet (61 meters), according to NASA. To measure how it was
changing, the researchers installed six GPS stations at loca-
tions around the Amundsen Sea Embayment (ASE), a region
of the ice sheet roughly the size of Texas, that drains into the
Amundsen Sea. They places the GPS monitors in places
where bedrock was exposed, gathering data at a spatial res-
olution of 0.6 miles (1 km), higher than any recorded in prior
studies.

A GPS station stands at a site on Backer Islands, a chain of
small islands in Cranton Bay, Antarctica.

The scientists expected to see some evidence of slow uplift
in the bedrock over time, which could be linked to historic ice
loss — because "when ice melts, the earth rebounds elas-
tically," Barletta said. Instead, they saw that the rate of the
uplift was about four times faster than anticipated from ice-
loss data. The velocity of the rebound in the ASE — 1.6 inches
(41 millimeters) per year — was "one of the fastest rates ever
recorded in glaciated areas," study co-author Abbas Khan, an
associate professor at DTU Space, said in a statement.
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Their findings suggested that the mantle underneath is fast- (Science, 22 Jun 2018: Vol. 360, Issue 6395, pp. 1335-

moving and fluid, responding rapidly as the heavy weight of 1339, DOI: 10.1126/science.aa01447, http://science.sci-
ice is removed to push the bedrock upward very quickly, Bar- encemag.org/content/360/6395/1335)
letta said.

An uncertain future for Antarctica's ice

The bedrock uplift is a result of ice loss over the past century,
but ice continues to vanish from parts of Antarctica at a dra-
matic rate, spurred by human-induced climate change. An
estimated 3 trillion tons of ice have vanished from the conti-
nent since 1992, causing about 0.3 inches (around 8 mm) of
sea level rise. And scientists recently predicted that the West
Antarctic Ice Sheet (WAIS) could collapse entirely within the
next 100 years, leading to sea level rise of up to nearly 10
feet (3 meters).

But the researchers suggest that there may be a ray of hope
for the weakening WAIS. The deforming bedrock under Ant-
arctica, buoyed by a fluid mantle, could provide an unex-
pected source of support for the WAIS, the scientists discov-
ered. In fact, the bedrock's uplift could stabilize the WAIS
enough to prevent a complete collapse, even under strong
pressures from a warming world.

There's a downside to their findings, too. Estimates of ice loss
in Antarctica depend on satellite measurements of gravity in
localized areas, which can be affected by significant changes
in mass. If the bedrock under Antarctica is rapidly adjusting
in response to ice loss, its uplift would register in gravity
measurements, compensating for some ice loss and obscur-
ing just how much ice has truly disappeared by about 10 per-
cent, according to the study.

Hopefully, now that scientists are aware of this discrepancy,
it can be addressed in future models of disappearing ice, Bar-
letta said.

The findings were published online today (June 21) in the
journal Science.

(Mindy Weisberger, Senior Writer / SCIENCE,| June 21,
2018, https://www.livescience.com/62885-earth-rising-un-
der-antarctica.html?utm source=Is-newsletter&utm me-
dium=email&utm campaign=20180622-Is)

Observed rapid bedrock uplift in Amundsen Sea
Embayment promotes ice-sheet stability

Valentina R. Barletta, Michael Bevis, Benjamin E.
Smith, Terry Wilson, Abel Brown, Andrea Bordoni, Mi-
chael Willis, Shfaqat Abbas Khan, Marc Rovira-Na-
varro, Ian Dalziel, Robert Smalley Jr., Eric Kendrick,
Stephanie Konfal, Dana J. Caccamise II, Richard C.
Aster, Andy Nyblade, Douglas A. Wiens

Abstract

The marine portion of the West Antarctic Ice Sheet (WAIS) in
the Amundsen Sea Embayment (ASE) accounts for one-
fourth of the cryospheric contribution to global sea-level rise
and is vulnerable to catastrophic collapse. The bedrock re-
sponse to ice mass loss, glacial isostatic adjustment (GIA),
was thought to occur on a time scale of 10,000 years. We
used new GPS measurements, which show a rapid (41 milli-
meters per year) uplift of the ASE, to estimate the viscosity
of the mantle underneath. We found a much lower viscosity
(4 x 108 pascal-second) than global average, and this short-
ens the GIA response time scale to decades up to a century.
Our finding requires an upward revision of ice mass loss from
gravity data of 10% and increases the potential stability of
the WAIS against catastrophic collapse.
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How Did Easter Island Statues Get
Their Massive 'Hats'?

On a restored statue platform on the south coast of Rapa
Nui, a statue wears a red stone "hat" atop its head.

Archaeologists put on their thinking caps to solve a long-
standing puzzle about another kind of cap: the enormous
stone "hats" that sit atop the heads of colossal statues
on Easter Island, a place also known as Rapa Nui.

The solemn, carved faces of the imposing rocky figures, or
moai, are a dramatic sight, towering up to 33 feet (10 me-
ters) high and weighing as much as 82 tons (74 metric tons).
Many of the statues are topped by red stone cylinders called
pukao, carved separately from the statues and made of a
different type of rock.

And researchers finally have answers about how those hefty
toppers were transported and lifted into place, reporting the
findings May 31 in the Journal of Archaeological Science.

Rapa Nui, located in the Pacific Ocean about 2,300 miles
(3,700 kilometers) east of Chile, was first populated by peo-
ple around 800 years ago. Over time, these people crafted
about 1,000 giant statues, which they may have moved into
position by "walking" them upright along roads, rocking them
from side to side with ropes to travel long distances across
the volcanic island.

Prior studies suggested that pukoa represented a type of
hairstyle worn by the Rapa Nui people. But it was unclear if
pukao were placed on top of the statues before the moai were
moved into place or afterward, and experts were also uncer-
tain about exactly how the large headpieces were maneu-
vered onto the giant heads, the researchers wrote.

Rock and roll

In the new study, the scientists photographed and digitally
modeled 50 pukao — some on statues and some abandoned
on the ground — and 13 unfinished cylinders from the pukao
quarry on Rapa Nui. They then looked for structural similari-
ties that might offer clues about how the giant stones
were prepared, moved and installed.

Sizable pukao weighed as much as 13 tons (12 metric tons)
and measured as big as 6.5 feet (2 m) in diameter, the re-
searchers reported. Pukao found scattered around the island
were bigger than the ones perched on statues; this told the

scientists that the cylinders were likely rolled unfinished to
sites where statues already stood. Chips of the distinctive red
stone found near statue-mounted pukao hinted that they
were carved into their final shapes on those sites, the scien-
tists wrote in the study.

A red pukao was restored atop a moai located on the south
coast of Rapa Nui.

To install pukao, workers used dirt to build ramps at the front
of forward-leaning statues. People at the top of a ramp would
have hoisted the hat up to a statue's head using a process
called parbuckling, often used to right capsized ships, the
study suggested. First, the workers would have attached a
single long rope to the steepest part of the incline, wrapped
the ends around the stone and pulled the ends to drag the
cylinder up. Even the biggest pukao could have been moved
this way by 15 or fewer workers; the technique would have
stabilized the stone and kept it from rolling back down, ac-
cording to the study.

A diagram demonstrates how a pukao may have been posi-
tioned on top of an Easter Island statue (Scale 20m).

Previous research noted that construction of the statues on
Rapa Nui led to widespread deforestation, with trees sacri-
ficed as building materials or to clear land for roads or agri-
culture to feed the imagined thousands of workers that must
have been required for the statues' construction, the study
authors reported.

However, the new findings about the ingenuity and efficiency
of the Rapa Nui people paint a different picture. This research
suggests that the enigmatic builders maintained a more sus-
tainable relationship with their island ecosystem "and used
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their resources wisely to maximize their achievements and
provide long-term stability," study co-author Carl Lipo, a pro-
fessor of anthropology at Binghamton University, said in a
statement.

"These were quite sophisticated people who were well-tuned
to the requirements of living on this island," Lipo said.

(Mindy Weisberger / Senior Writer SCIENCE, June 5,
2018, https://www.livescience.com/62747-easter-island-
statues-hats.html?utm source=ls-newsletter&utm me-
dium=email&utm campaign=20180606-Is)

The colossal hats (pukao) of monumental
statues on Rapa Nui (Easter Island, Chile):
Analyses of pukao variability, transport, and
emplacement

Sean W. Hixon, Carl P. Lipo, Ben McMorran, Terry L.
Hunt

Highlights

e Photogrammetric analyses provide 3D models of hat fea-
tures (pukao) from Easter Island, Chile.

e Analyses of 3D models of pukao provide evidence for
manufacture and transportation.

e The pukao were likely moved with minimal labor and us-
ing a parbuckle technique.

e Evidence for pukao transport is inconsistent with popula-
tion collapse following “ecological suicide”.

Abstract

The archaeological record of Rapa Nui (Easter Island, Chile)
is noteworthy for its massive statues (moai) that were trans-
ported over long distances with relatively small numbers of
people and minimal use of resources. Equally impressive are
the colossal bodies of red scoria (pukao) placed on the heads
of many of the moai. In this study, we use three-dimensional
models of 50 pukao found across the island and 13 red scoria
cylinders from Puna Pau, the island's pukao quarry, to study
the process of pukao manufacture, transport, and placement
atop statues. Our analysis identifies surface features that are
explained by the process of construction and transport of
these multi-ton objects. Based on shared physical features
of pukao, evidence in the archaeological record, and the
physics necessary for pukao movement, we propose a falsi-
fiable hypothesis in which relatively small numbers of people
rolled pukao up stone ramps to place pukao atop moai. We
conclude that activities of pukao production and transport did
not require oversight by a centralized political authority, nor
do they support notions of a large population that collapsed
with “ecological suicide” on Rapa Nui.

Side Elervation

Groundplan View I Frong View

Journal of Archaeological Science (Available online 31 May
2018), https://doi.org/10.1016/j.jas.2018.04.011

o3 O

Why is the Hexagon Everywhere?
All about this Seemingly Common Shape

Fascinating facts about the most interesting geometrical
shape that we find almost everywhere around us.

In easy words, a hexagon is a simple shape with six sides.
But this seemingly simple shape is nothing less than a won-
der. You might even be surprised to know that hexagonal
shape is present throughout your life and nature in more
places than one.

Let’'s take the beehive as an example where each cell is a
hexagon. Take things a bit more microscopic and the most
important piece of the organic material, Carbon, has a mo-
lecular structure that of a hexagon with carbon atoms at each
corner.

“The force that makes the winter grow its feathered hexa-
gons of snow, and drives the bee to match at home. Their
calculated honeycomb is abacus and rose combined. An icy
sweetness fills my mind, a sense that under thing and wing
lies, taut yet living, coiled, the spring.” - Jacob Bronowski

Let us see why hexagon has so many stories, mysteries, and
accolades attached to it.

Saturn’s own hexagon

Source: NASA/JPL-Caltech/SSI/Kevin M. Gill

Let us start with something out of this world, literally! If one
were to see the North Pole of Saturn from space, they could
see a cloud formation over the planet.
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However, this isn't any ordinary cloud, and you can see why
when you pay attention to the shape of the cloud. Yes, it is
a hexagon.

Why does a cloud resemble the shape of a hexagon? Even
scientists today can’t answer that question, although there
are some theories about it, none have been verified.

Want to know another piece of interesting information? Each
side of Saturn’s Hexagon measures more than earth’s diam-
eter!

Water Spinning At High Velocity

This is an extension of the Saturn’s hexagon. When you ro-
tate water in a container at very high speed, the inner hole
takes the shape of a hexagon. This might be the key to un-
locking why the Saturn pole clouds take the shape of a hex-
agon.

In one of the experiments, the Researchers at the Technical
University of Denmark in Lyngby created several shapes by
spinning the water at different speeds. They poured water
into the bucket and set the bucket to spin.

The shapes started to appear at about seven revolutions per
second. In lower speeds, the first shape that appeared was a
triangle. Then as the speed increased, the shapes also
changed.

With increased speeds, the triangle changed into a square
and then to a pentagon. But at the highest possible speeds,
the resultant shape was of a hexagon.

Even though, the researchers were unable to give a clear ex-
planation on why the hexagon is formed when water spins at
high speeds!

The Tiny Engineers — Bees!

Source: Don Hankins/Flickr

This is one of the most obvious and easiest to spot in nature.
Whenever you see the insides of a beehive, the number of
packed hexagons are truly a marvel.

For centuries, scientists were confused on why bees chose
the shape hexagon as opposed to shapes like square or cir-
cle. The answer comes in the form of packing efficiency.

It was found that if a series of circles were packed on top of
each other, there were empty spaces in between them. The
only way in which these empty spaces can be avoided is by
changing the shape to a hexagon.

The Dragonfly Eyes

If you look closely at a dragonfly, its eyes are a collection of

tiny eyes often known as compound eyes, each of which func-
tions as an individual visual receptor. Each eye forms a shape
of the hexagon.

N

Source: Mcamcamca/Flickr

To make up the complete set, over 30,000 hexagonal eyes
are packed together. The result is a vision that scientists call
ultra-multicolor. It is the world’s most advanced type of vi-
sion and is better than anything we have seen so far in the
animal kingdom.

To put it into comparison, the human vision encompasses tri-
color vision. This is because we have three types of light-
sensitive protein in our eyes. These proteins are called op-
sins.

In the case of a dragonfly, it has 30 different kinds of op-
sins in its eyes. Therefore, the color differentiation abilities of
a dragonfly are far more superior to ours in every possible
way.

Again, the possibility for a dragonfly to have over 30,000
compound eyes is because of the high packing efficiency of
the hexagonal shape.

The Giant’s Causeway

Source: Chmee2/Wikimedia Commons

You might be wondering by this tourist spot in Ireland which
has such a bizarre name. The answer lies in the legend that
surrounds this place.

According to a popular myth, a giant called Fionn Mac Cum-
haill built these columns. He built it as a causeway to fight a
Scottish giant called Benandonner.

This causeway connected both the locations and be the
fighting area for the two. There are two versions to this story.
In the first one, the Fionn defeated the Scottish giant, and in
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the other, he flies from the Scottish giant, destroying the
path he had made.

But science has a different story to tell. The rock formation is
a result of the rapid cooling of lava, specifically the Columnar
Basalt. When molten lava cools, it contracts. This contraction
leads to crack formation, and the hexagonal structure is the
result of crack formation under maximum energy release.

This was explained after the study led by the physicist Ste-
phen Morris and his college Lucas Goehring from the Univer-
sity of Toronto found success.

“The columns are formed as a sharp front of cooling moves
into the lass flow, assisted by the boiling of groundwa-
ter,” Goehring explained at the time. “As the front advances,
it leaves behind a crack network which evolves into an almost
hexagonal arrangement. This network carves out the col-
umns.”

Bubble Raft

https://www.youtube.com/watch?v=-qcys9XuNe8

A bubble raft is nothing but an array of bubbles packed close
together. It is regularly seen on the water surface with tiny
soapy form covering it. But have you ever gave it a second
glance?

If you do, you will notice that each bubble would be having
the shape of a hexagon, provided there will be some irregu-
larities. The reason for this phenomenon again goes back to
the efficient packing structure.

When accommodating these many bubbles, the surface ten-
sion of each bubble will try to co-exist with the adherent bub-
ble by spending the least amount of energy. This leads to
filling up the gaps, and the result is an array of hexagonal
structures.

It is truly amazing how hexagons in nature exist before our
eyes, and even then, we often miss them!

The Majestic Snowflakes

Source: Pixabay

Another example of finding hexagons in nature is the humble
snowflake. They are mesmerizing and quite mysterious on
how they get the hexagonal shape.

To define a snowflake in the simplest form, they are tiny
droplets of water that are frozen in midair. Snowflakes come
in different shapes and sizes, but the most predominant
shape is the hexagon.

The reason for the shape is the orientation of water molecules
themselves. Water is composed of two hydrogens and one
oxygen molecule.

Water molecules change orientation with temperature. This
is the reason why they can exist in three forms as water, ice,
and steam. This is the same case for almost all of the mate-
rials found on earth.

When water undergoes a phase change to ice, two water mol-
ecules come together to form a hexagon. Since there are an
enormous amount of atoms, the continuous chains of mole-
cules, make up a large hexagon.

The example of snowflake carries the message of the hexa-
gon in nature twofold. The overall shape of the snowflake is
a hexagon, and the internal structure of the water molecules
resembles the same.

The symmetry of the structure is also owed to the hexagonal
structure of the molecules within itself. The whole design
structure is carried over the entire snowflake structure.

Hexagon On A Turtle Shell!

Source: Tokugawapants/Wikimedia Commons

Nature has numerous beautiful species that reflect magnifi-
cent designs, and one of the species are tortoises. Their shells
are what protect them, and on them, we can also find hexa-
gons.

These slow-moving animals are protected with a hard shell
that is made of one of the toughest compounds found in na-
ture. But have you ever observed the pattern on the shell?

If you look closely, you can see that the entire shell is formed
from individual subunits. A closer look further reveals that
these cells have a shape resembling a hexagon.

The subunits are given hexagonal shape because they are
one of the most efficient geometrical shapes that can cover
curved surfaces with minimal material wastage. After the in-
ner hexagonal layers are formed, the shell is completed with
filler shapes that constitute differently sized polygons.

Everything Begins with Carbon

You may fail to notice hexagon in yourself, but you need to
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remember that there are several billions of them in our body
than you can ever imagine. It all comes down to the element
that is present throughout our body - Carbon.

This element is even present in our DNA and makes up the
human body from head to toe.

“Chemistry dissolves the goddess in the alembic, Venus, the
white queen, the universal matrix, Down to the molecular
hexagons and carbon-chains.” - Kathleen Jessie Raine

If you were to study the atomic structure of organic material
like the human skin or flesh, you would find a series of carbon
hexagon chains that are nicely packed together.

The Hexagonal Shape of Nuts and Bolts

Source: Tomascastelazo/Wikimedia Commons

When you think of hexagons all around us, the most relatable
objects that use a hexagonal shape are nuts and bolt heads.
Hexagon is the predominantly used shape for nuts and bolts
because of its unique features.

With hexagons, the tool edges find it much easier to grip the
bolt. This means that more torque can be transferred to the
bolt. This is why this design still reigns as the undisputed
champ even though the design dates back to the 1700s.

The reason why hexagon is able to grip the tools is because
of the degree of roundness it has. To be more precise, the
hexagon is the only shape that stands between a polygon and
a circle.

If you add more sides to a hexagon, it will closely resemble
a circle. If you take away sides from a hexagon, it will become
unusable.

Ever noticed a Football?!

N ———

Source: Aaron Rotenberg/Wikimedia Commons

Football isn’t just an ordinary ball. Technically, you will not
find a circular shape on football.

The modern-day football is a mix of hexagons and pentagons.
It is made from patches of 20 hexagons and 12 pentagons.

But this begs the question of why other shapes aren’t used?
The reason is pretty simple as hexagon is the only shape that
resembles a circle that also allows for close packing without
leaving out any waste space.

The pentagons are used to fill in the spaces that will eventu-
ally bind things up to give a near perfect spherical structure.

Your Everyday Pencils

Source: Tomomarusan/Wikimedia Commons

Even the most common things we use has a hexagonal rela-
tionship. The pencils that we use are hexagonally shaped.

There are many theories on why hexagon shape is given to
the majority of pencils found today. Many believe that it is
done to prevent the pencils from rolling off the edges.

Others theorize that the shape gives maximum holding com-
fort. There are even theories that pencils are made into hex-
agonal cylinders to enable better packing when these are
packaged in boxes.

With a hexagonal shape, the manufactures could pack in
more pencil per volume than any other shape, and they be-
come easy to store!

The Amazing Power of Hexagon!

It’s truly fascinating how hexagons are part of our everyday
lives, but we fail to realize its power most of the time. The 6-
sided polygon has more to it than we have ever thought, and
some of the aspects of this shape are still mysterious.

Paying more attention to the details present all around us,
however, could help us uncover more information about this
interesting shape.

(Kashyap Vyas / INTERESTING ENGINEERING, June 10%,
2018, https://interestingengineering.com/why-is-the-hexa-
gon-everywhere-all-about-this-seemingly-common-shape)
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Numerical simulation of compaction-induced stress for the
analysis of RS walls under working conditions, S.H. Mirmo-
radi, M. Ehrlich, Pages 354-365

Technical Notes

Effect of shearing rate on the behavior of geogrid-reinforced
railroad ballast under direct shear conditions, Kumari Sweta,
Syed Khaja Karimullah Hussaini, Pages 251-256

Uniaxial compression behavior of geotextile encased stone
columns, Jian-Feng Chen, Xing-Tao Wang, Jian-Feng Xue,
Yue Zeng, Shou-Zhong Feng, Pages 277-283

Bearing capacity of horizontally layered geosynthetic rein-
forced stone columns, Mahmoud Ghazavi, Ahad Ehsani Yam-
chi, Javad Nazari Afshar, Pages 312-318

Load-settlement characteristics of large-scale square footing
on sand reinforced with opening geocell reinforcement, A.
Shadmand, M. Ghazavi, N. Ganjian, Pages 319-326
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EKTEAEZTIKH ENITPONH EEEENM (2015 - 2018)

MNpdedpog : rewpylog NIKAZETAS, Ap. MoAITikdg Mnxavikdg, KadnynTtng E.M.IM.
president@hssmge.gr, gazetas@ath.forthnet.gr

A’ AvTInpoedpog Mavayiwtng BETTAZ, MoAITIKOG Mnxavikog, OMIAOZ TEXNIKQN MEAETQN A.E.
otmate@otenet.gr

B’ AvTinpoedpog MixaAng MAXAKHZ, MoAITIkOG Mnxavikog
mpax46@otenet.gr

levikog Mpapparteag: MixaAng MMNAPAANHZ, MoAITIkog Mnxavikog, EAA®OZ YMBOYAOI MHXANIKOI A.E.
mbardanis@edafos.gr, lab@edafos.gr

Tapiag : Mopyog NTOYAHZ, MoATikog Mnxavikog, EAAGOMHXANIKH A.E.- TEQTEXNIKES MEAETES A.E.
gdoulis@edafomichaniki.gr

‘EQopog : Mwpyog MMNEAOKAZ, Ap. MoAImikog Mnxavikdg, Enikoupog Kabnyntng TEI ABrvag
gbelokas@teiath.gr, gbelokas@gmail.com

MéAn : Avdpeag ANATNQITOMOYAOZ, Ap. MoAITIkOG Mnxavikog, OpoTipog Kadnyntig EMM
aanagn@central.ntua.grn

BaAia ZENAKH, Ap. MoAiTikdg Mnxavikog, EAAGOMHXANIKH A.E.
vxenaki@edafomichaniki.gr

Mapiva MANTAZIAQY, Ap. MoAImikdg Mnxavikdg, AvanAnpwTpia Kaényntpia E.M.M.
mpanta@central.ntua.gr

AvanAnpwuariko
MéAog : KwvoTavTivog IQANNIAHZ, MoAimikdg Mnxavikog, EAAOOMHXANIKH A.E.
kioannidis@edafomichaniki.gr

Ekd0TNG : Xpnotog TEATZANI®OZ, Ap. MoAITIKOG Mnxavikog, MANTAIA ZYMBOYAOI MHXANIKOI E.M.E.
editor@hssmge.gr, ctsatsanifos@pangaea.gr

EEEEM

Top£ag MEWTEXVIKNAG TnA. 210.7723434

ZXOAH NMNOAITIKQN MHXANIKQN Tor. 210.7723428

EONIKOY METZOBIOY NOAYTEXNEIOY HA-AI. secretariat@hssmge.gr ,
MoAuTtexVveiOoUNoAn Zwypapou geotech@central.ntua.gr

15780 ZQrPA®OY IoTtooeAida www.hssmge.org (uno KaTaokeun)

«TA NEA THZ EEEEMM» Ekd6TNG: XpnoTtog ToaTtoavigog, TnA. 210.6929484, ToT. 210.6928137, nA-3I. ctsatsanifos@pangaea.gr,
editor@hssmge.gr, info@pangaea.gr

«TA NEA THZ EEEEMM» «avapT®vTal» Kal oTnv 10TooeAida www.hssmge.gr
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